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TO THE CONGRESS OF THE UNITED STATES:

I am pleased to transmit to the Congress the Twenty-fifth Annual Report on
Environmental Quiality.

As a nation, the most important thing we can do as we move into the 21st cen-
tury is to give all our children the chance to live up to their God-given potential
and live out their dreams. In order to do that, we must offer more opportunity and
demand more responsibility from all our citizens. We must help young people get
the education and training they need, make our streets safer from crime, help
Americans succeed at home and at work, protect our environment for generations
to come, and ensure that America remains the strongest force for peace and free-
dom in the world. Most of all, we must come together as one community to meet
our challenges.

Our Nation’s leaders understood this a quarter-century ago when they
launched the modern era of environmental protection with the National Envi-
ronmental Policy Act. NEPA’s authors understood that environmental protection,
economic opportunity, and social responsibility are interrelated. NEPA determined
that the Federal Government should work in concert with State and local gov-
ernments and citizens “to create and maintain conditions under which man and
nature can exist in productive harmony, and fulfill the social, economic, and other
requirements of present and future generations of Americans.”

We've made great progress in 25 years as we've sought to live up to that chal-
lenge. As we look forward to the next 25 years of environmental progress, we do
so with a renewed determination. Maintaining and enhancing our environment,
passing on a clean world to future generations, is a sacred obligation of citizenship.
We all have an interest in clean air, pure water, safe food, and protected national
treasures. Our environment is, literally, our common ground.

THE WHITE HOUSE
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STATEMENT FROM THE CHAIR

Twenty-five years ago with the passage of the National Environmental Policy
Act (NEPA), our nation’s leaders understood the need to bring people together to
face our common challenges. NEPA declared that the federal government should
work in concert with state and local governments and the citizens of this great
Nation “to create and maintain conditions under which man and nature can exist
in productive harmony, and fulfill the social, economic, and other requirements
of present and future generations of Americans.”

After all, the environment, as President Clinton has said, is literally our com-
mon ground. Our families and communities have a common interest in protect-
ing it, and there is no doubt we have made great progress in 25 years. Our air and
water are cleaner, our children are healthier, and we have put more land into con-
servation.

Over the past 25 years, we have also engaged in a national dialogue about the
best ways to protect the environment. In the course of this dialogue, we have all
learned something. We have come to appreciate NEPA’s prescience in empha-
sizing widespread participation in the decisionmaking process and in taking a
wider view of environmental problems. Fittingly, this 25th anniversary edition of
the CEQ annual report looks back over the past 25 years to consider what we have
done and where we are heading.

For 25 years, NEPA has been at the forefront of our nation’s efforts to protect
the environment. When national forest mismanagement threatened communities
in the Pacific Northwest, we used NEPA to solve the problem. The President’s
Northwest Forest Plan works because of the collaboration of five federal agencies,
the states of Washington, Oregon and California, local governments, tribes and
people in the region—collaboration done under the NEPA umbrella. NEPA
helped us develop an ecosystem-based forest management plan and an econom-
ic assistance plan that protect our natural heritage and provide a stable econom-
ic future for the people of the region.

But despite all of our progress in 25 years, our common ground—the envi-
ronment—has become a battleground. Somehow, nearly half of the Environ-
mental Protection Agency’s work is not the product of our collective will on the
environment, but rather, the product of judicial decree. Somehow, we have
become a country in receivership, with the courts managing our forests, our rivers
and our rangelands.




President Clinton and Vice President Gore are determined to find a better
way. The Administration is building an environmentalism where government acts
as a partner, not just as a policeman. The Administration is moving toward col-
laboration, not just endless confrontation.

Consider the Endangered Species Act. It is designed to be preventive medi-
cine, but too often in the past it has been misused as emergency medicine. It is
supposed to be about enriching wildlife habitat, but too often in the past it has been
about desperate measures taken in crisis at the last moment as the last of a partic-
ular species teeters on the brink of extinction. By failing to look ahead, our nation’s
leaders failed faithfully to execute the Act and invited “train wrecks” that unnec-
essarily pit short-term economic interests against the environment.

This Administration has taken a different route. Rather than allowing crises
to build, we're getting out ahead of the curve. We are reaching out to private
landowners in partnership and helping them to be good stewards of the land. With
70 percent of critical wildlife habitat on private land, we have to work with—not
against—private landowners to protect fish and wildlife. We are doing that with
Habitat Conservation Plans (HCPs), voluntary agreements that enable us to pre-
serve the land and protect wildlife while giving landowners the certainty they need
to effectively manage their land. The Administration has completed 170 HCPs and
is currently negotiating nearly 300 more all across the country. This compares to
just 14 that were in place when President Clinton came into office. With these
agreements, we are avoiding the train wrecks that might otherwise have been just
around the bend.

As the agencies go about the habitat conservation planning process, NEPA—
with its emphasis on public review and comment—is the umbrella under which
they work. The challenge of harmonizing our economic, environmental and social
aspirations, important throughout CEQ’s history, is today more pressing than ever.
By bringing people together rather than driving them apart, we can unleash the
good will, the creative energy, the enthusiasm and drive that are essential to achiev-
ing the productive harmony and wholeness called for in NEPA.

We are making progress, and in a way that has meaning for more than just the
environment. We are building an environmentalism that builds community; we
are building a conservation ethic that builds our sense of citizenship and rekindles
our proud connection to this great land.

With respect to environmental policy there are three concepts that help
describe where we have been and where we are going: subject, stakeholder and
citizen.

Too often in the past, the government treated people as subjects—dictated to
from Washington through command and control regulation. Today, we under-




stand people to be stakeholders in the issues with which we deal and we are invit-
ing them in to share with us the benefit of their views and experience. In these
processes, stakeholders come to the table with their special knowledge and special
expertise to defend their special interest.

Clearly, our policies are better informed because of this input. But the ques-
tion arises: Can we go farther? Can we begin to act as NEPA truly intended? Can
we, in short, begin to bring people together as citizens not to defend their special
interest, but to define the common interest? Our work over the past few years has
been an effort—a beginning at least—to do just that.

President Clinton and Vice President Gore believe that government should
be a partner that helps give people the tools they need to make the most of their
own lives. We must create more opportunity, demand more responsibility and work
together as one community to meet our common challenges. This is the central
bargain of American life, and it translates directly to environmental protection. To
succeed in meeting our environmental challenges we need to create the oppor-
tunity for people to collaborate, to work together to improve their families’ health,
the quality of their surroundings and the fabric of their communities.

For example, people in the South Bronx are using environmental considera-
tions to rebuild their neighborhood. For 25 years, an abandoned rail yard was a can-
cer on the community. It was polluted, covered with trash and debris, and a hang-
out for criminals and drug dealers. Today, a local community development
corporation, an environmental organization, a paper company and local publish-
ers have joined together to build a paper plant on that rail yard. With highly sophis-
ticated production, energy efficiency and pollution prevention technology, the
Bronx Community Paper Company will be the largest manufacturing facility built
in New York City since World War 1I.

The Bronx Community Paper Company will not use trees to produce paper.
Instead, it will recycle a great untapped resource—the vast amount of paper gen-
erated in New York offices every day. It will help fund a dormitory for up to twen-
ty local students who do not have stable homes; a health care, child care, literacy
and job training center; local libraries and even a revolving loan fund for housing
and business development. The Bronx Community Paper Company is located in
an Empowerment Zone and the project sponsors credit President Clinton’s recy-
cling executive order with helping to create the market conditions for the effort to
succeed. The Bronx Community Paper Company is a prime example of what local
groups, businesses and government can do when they work together.

We must continue to find new ways to achieve better results, and we will get
better results if the community is involved. With Project XL, for example, the
Administration is saying to business: if you can get superior environmental per-
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formance at a lower cost than under the traditional rules, EPA will let you find the
best way to do it. But with this new opportunity comes accountability: Project XL
requires that the community be part of the plan. The community must have a seat
at the table and they must be part of the decisions that are made.

When Alexis de Tocqueville toured this country more than a century and a
half ago studying what makes our democracy work, he said that the most vital force
of our democracy is the community groups, those organizations and associations
that are alive with the plans and the dreams of people working together. Today,
people across the country yearn for ways to be engaged in a meaningful way to bet-
ter their lives and the lives of their neighbors.

We are beginning to see that communities can be engaged more meaningfully
in environmental policy, and because of that, we are beginning to see the next era
of environmental programs. Throughout all of our efforts, the National Environ-
mental Policy Act will provide the road map for the Clinton Administration.
Almost alone among environmental laws, it rejects single media and single dimen-
sion solutions. Instead it seeks to ensure that agencies consider the impacts of their
activities and make informed decisions based upon that analysis. By providing a
mechanism for the federal government and states, local governments, tribes, busi-
nesses and individuals to work together for the common good, NEPA will help us
build an environmental ethic based on community rather than conflict, partner-
ship rather than polarization.

We are looking ahead to the future with renewed emphasis on one of the
country’s oldest and most forward-looking environmental laws, the National Envi-
ronmental Policy Act, and we know we are on the right track.

Kathleen A. McGinty
Chair
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CHAPTER ONE

America and

the Environment:
A 25-Year Retrospective

ver the past 25 years, Americans local, regional, or global in scale, and that
have witnessed remarkable changes  many effects are both long-term and life-
in policy and perspectives about the envi-  threatening. Furthermore, we have

ronment. learned that some environmental prob-

It was not so long ago that most envi- lems actually threaten the most funda-
ronmental problems were thought to be mental global systems and cycles.
largely local in nature and to have short- In response, we have taken action on
term, benign effects. Even when the numerous fronts. For example, in just 25
effects were neither short-term nor years, we have:

benign, as in the case of coal mine work-
ers’ exposure to coal dust, there was in
some quarters a willingness to accept such
conditions as an unalterable part of life.

In this 25-year period, we have learned
that environmental problems can be

« substantially reduced most conven-
tional air and water pollution;

= taken international action to phase
out chlorofluorocarbons (CFCs), after

Reflections on 25 Years

“When something is complicated, you don't get a revolution overnight. When the
Surgeon General first said smoking is hazardous to your health, not a single scientist in
this country that I know of challenged it. This was a very simple proposition; not compli-
cated like the environment. Still, it took us 25 years to stop smoking in airplanes and
restaurants. There is no other issue like the environment that has the political, economic,
technical, and cultural ramifications and that involves every discipline of science. If it
took us 25 years to quit smoking in airplanes, do you expect that we would have solved
all the problems in the environment? When you contrast that, it's revolutionary what has
happened in the past 25 years.”

Gaylord Nelson (U.S. Senate, Wisconsin, 1963-81)



America and the Environment: A 25-Year Retrospective

learning they could deplete the stratos-

pheric ozone layer;

« made significant progress in reduc-
ing children’s average blood lead lev-
els, after learning that lead can have
devastating impacts on children’s
intellectual development;

= made significant strides in encour-
aging farmers to adapt new practices
that reduce soil erosion and nutrient
and pesticide runoff into streams; and

« found that industrial emissions of
toxic pollutants can often be reduced
or avoided through changed practices
and better management.

Over this same period, we have strug-
gled to define what we are talking about,
to develop a better sense of what needs to
be done, to determine how far we have to
go to protect ourselves and the planet,
and to try to develop methods to measure
our progress. To some extent, this will
always be a work in progress, as new
information and new research continual-
ly increase our understanding of the
impact of human activities.

We have witnessed a substantial
broadening of the definition of environ-
mental quality. The term now means far
more than simply cleaner air and water,
safe drinking water, healthy ecosystems,
safe food, toxic-free communities, safe
waste management, and the restoration
of contaminated sites.

Today, the term connotes a steward-
ship ethic: that is, an active effort to man-
age our lands and communities in ways
that minimize environmental damage.

The stewardship ethic is also an effort
to reconcile environmental goals with
economic goals. In particular, in the
words of the World Commission on Envi-
ronment and Development, the term
“sustainable development” denotes
development that “meets the needs of the
present without compromising the ability
of future generations to meet their own
needs.” There are important social
dimensions to this term: bringing com-
munities into the decisionmaking
process, ensuring that the disadvantaged
are not disproportionately affected by
environmental problems, and strengthen-

Reflections on 25 Years

“Twenty-five years ago, almost nobody knew what the word ‘ecology’ meant. Twen-
ty-five years ago, there were few graduates of any environmental science or law pro-
gram. There has been a major increase in courses and graduates. People trained in
those fields have implemented and enforced the rules and regulations. Industry hired a
lot of these people. Some have combated the environmental movement, but many have
helped it. There are still companies who will oppose environmental regulation, so we

have to keep educational programs going.”

Russell Peterson (CEQ Chair, 1973-76)

4 ENVIRONMENTAL QUALITY



America and the Environment: A 25-Year Retrospective

ing efforts to inform and educate the
public about the environment.

We have gone back to looking at the
fundamentals: the links between popula-
tion, economic growth, and the environ-
ment. What we have found is that popu-
lation and economic growth inevitably
affect the environment, but there are a
host of ways to reduce those impacts.

Many are “win-win” choices. For
example:

= Improvements in energy efficiency
reduce pollution, may reduce costs,
and (depending on relative prices) may
reduce our dependence on imported
energy.

= Capture or substitution of solvents
often can cut costs for companies and
reduce harmful pollutants.

Certainly, “win-win” solutions are not
always possible. In such cases, as in the
realization that overcapitalization was an
important factor in the depletion of cod
and haddock fisheries in the Northeast,
programs to minimize adverse economic
impacts should be part of the bargain.

We have learned that it is better to pre-
vent an environmental problem before it
happens rather than clean it up later.
Many American companies have made
great progress in changing production
processes to prevent pollution. Although
motivated by many factors in addition to
preventing pollution, the switch by many
American farmers to low-till and no-till
farming practices greatly reduces soil ero-
sion and helps protect clean water.

In cases where pollution is inevitable,
we have found many ways to reuse or
recycle waste. In fact, these practices are

expected to absorb most of the additional
waste we generate as our population
grows over the next few decades.

We have learned that cooperation can
often lead to faster progress than con-
frontation, though we cannot abandon
the need for fundamental compliance
with basic national standards that protect
human health and the environment and
strong enforcement of these standards to
ensure that noncompliance does not lead
to a competitive advantage. At the same
time, simplified permitting, reduced
paperwork requirements, and alternative
performance-based strategies all symbol-
ize a new process of constructive engage-
ment between government, industry,
individuals, and communities.

A LOOK BACK

Beginning in the mid- to late 1800s,
the nation began changing from a pri-
marily rural, agricultural society to a pri-
marily urban, industrial society. Accom-
panying this transition, municipalities
and industry were spewing tons of pollu-
tants into the air and water and paying lit-
tle attention to the consequences.

Public concerns about the quality of
the environment, which date back to
about the turn of the century, began to
reach a critical mass in the 1960s. Initial-
ly, much of the worry was about the local
effects of pollution. Many remembered
the temperature inversion and dense
smog that occurred in the small industri-
al town of Donora, Pennsylvania, in
1948, killing 20 people and causing vary-

CHAPTER ONE



America and the Environment: A 25-Year Retrospective

Reflections on 25 Years

“Twenty-five years ago, two great rivers of concern had not yet converged: public
health, especially the causes of cancer on the one hand, and nature conservation—
wilderness, forests, parks, and rivers protection on the other. Those constituencies began
to converge in the latter 1960s and became and continue to be a powerful political
force. That’s what changed politically in this country and put the environment on the
map in a way that will keep it there. That convergence occurred for a reason. The envi-
ronment was something you could taste and smell and was making people sick. The
rivers were putrid and waste from all kinds of industrial facilities and waste-water treat-

ment plants was manifest.”

William Reilly (EPA Administrator, 1989-93)

ing degrees of illness among 43 percent
of the people in the area.

In Los Angeles, the number of auto-
mobiles in the city had tripled between
1940 and 1960, immersing that poorly
ventilated city in clouds of noxious auto
exhaust fumes. By the 1960s, Los Ange-
lenos were outraged about pollution lev-
els in the city.

In 1962 Rachel Carson, who spent
most of her professional life as a marine
biologist and writer with the U.S. Fish
and Wildlife Service, published Silent
Spring.

Silent Spring was really a story about
unanticipated consequences. In 1960,
U.S. Fish and Wildlife Service scientists
found DDT in the tissues of fish where
there had been mass spraying for the con-
trol of the spruce budworm in a Western
creek. More significantly, when they
examined fish in a creek 30 miles away
from the spraying, they also found DDT.

In the summer of 1960, at the national
wildlife refuges in Tule Lake and Lower
Klamath in California, refuge staff found

hundreds of dead and dying fish-eating
bird species—herons, pelicans, grebes,
and gulls. Plankton, fish in the lakes, and
the birds were all found to contain
residues of toxaphene, DDD (a close rel-
ative of DDT), and DDE. Follow-up
studies found that these pesticides lin-
gered in the tissues of fish and birds long
after spraying, and that DDT was thin-
ning the eggs of birds and dangerously
disrupting their reproduction. Carson
reported that in the 1950s, a retired
banker named Charles Broley observed
that the production of young bald eagles
was declining along the western coast of
Florida. Between 1952 and 1957, about
80 percent of the nests failed to produce
young.

Carson’s book proved a revelation,
showing the public that some pesticides
were poisoning both people and wildlife,
that these poisons were lingering in tis-
sues long after spraying events, that they
were turning up in areas that had never
been sprayed, and that they were threat-
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ening to quickly wipe out species by
destroying their ability to reproduce.

Silent Spring was attacked by the
chemical industry, which spent hundreds
of thousands of dollars attempting to dis-
credit the author and the book. President
Kennedy, however, set up a special panel
to study the problem; the panel’s report
completely vindicated Carson’s thesis.

At about the same time, the public
was getting more bad news about the
condition of the nation’s rivers, lakes, and
estuaries. Rivers such as the Potomac
were described as “open cesspools,” and
beach closures and shellfish contamina-
tion were common events. Industries
were pouring new man-made chemicals
into rivers, with uncertain effects. The
Cuyahoga River in Cleveland erupted in
flames, becoming a vivid symbol of the
state of many of America’s waterways.

In January 1969, the blowout of an oil
rig in Santa Barbara, California, spread a
coat of oil across hundreds of square
miles of beaches and sanctuaries. In set-
ting the conditions to permit oil leasing
in the channel, the federal government
had largely ignored the need to protect
commercial, recreational, aesthetic, and
ecological values of the area.

By 1970, all these events had created a
broad political and public consensus that
more had to be done to protect both the
environment and the public from the
hazards of pollution.

One of the first legislative accomplish-
ments was the passage of the National
Environmental Policy Act (NEPA),
which was signed into law by President
Richard Nixon on New Year’s Day, 1970.
In addition to creating the Council on
Environmental Quality (CEQ), the act

Reflections on 25 Years

“The results of NEPA have been altogether a plus, but it has fallen short of what we
had hoped. One of its greatest strengths has been environmental impact statements
(EISs), because one, they can be reviewed in the courts, and two, they led to better deci-
sions about proposed projects. By requiring the impact analysis, we were able to change
some policies, partly because the public, for the first time, got its foot in the door. A
notice goes in the Federal Register about the intent to do an impact statement. Then the
statement has to circulate for public review. NEPA also includes, by reference, the Free-

dom of Information Act.”

“In the days before NEPA, the Corps of Engineers or the Forest Service or another
agency would have a public hearing on a proposal, but they had it when everything
about the project was already set. If people objected to the project, they'd be told, “Sorry,
we're too far down the road, we can’t change it, but we wanted to inform people.” The
bulldozers were sometimes even beginning to roll when they had their public hearings.

NEPA put a stop to that.”

Lynton Caldwell (Social Scientist, author)

CHAPTER ONE



America and the Environment: A 25-Year Retrospective

imposed an important new directive on
the entire federal establishment. NEPA
required that all federal agencies would
now have to consider and describe the
environmental consequences of their
major decisions—including alternative
courses of action (see Chapter 3,
“National Environmental Policy Act”).

Earth Day, on April 22, 1970, attract-
ed millions of Americans to events
around the country, calling for action to
protect the environment. But many still
wondered if this was a long-term move-
ment or a passing fad. A front-page story
in The Washington Post noted: “The next
several months will show whether Earth
Day was the high-water mark of another
short-lived protest movement or the man-
ifestation of a new political coalition that
must be reckoned with for years to
come.” It did not take long to realize that
1970 did mark the beginning of a new
political coalition.

The White House moved ahead in the
early 1970s with a long list of initiatives,
including creation of the Environmental
Protection Agency and the National
Oceanic and Atmospheric Administra-
tion; major new legislation on air and
water pollution controls; national stan-
dards for drinking water; laws to restrict
ocean dumping and to control noise;
considerable expansion of wilderness
areas; and protections for endangered
species.

During the Ford Administration, CEQ
published some of this country’s first
assessments of the economic costs of pol-
lution control, examining at all income
levels who pays and who benefits. CEQ
also has consistently explored how to use

the market for the most efficient reduc-
tions in pollution, and its report on the
costs of sprawl provided local govern-
ments with solid information on the envi-
ronmental, economic, and social conse-
quences of suburban growth. Past annual
reports have included seminal chapters
on global climate change (1970), tropical
deforestation (1978), and the importance
of biological diversity (1980).

Along with political momentum, the
crisis atmosphere created a sense of anxi-
ety among members of the public that—
combined with a relatively defensive
position generally taken by the business
community—Iled to a polarization of the
various groups involved and a strong
mood of distrust. This polarization tend-
ed to lead to adversarial situations, with
litigation as the end result. The adversari-
al nature of these issues continued
through the 1970s and into the 1980s
and 1990s. Generally, the adversarial pos-
ture was characteristic of the parties most
directly involved, while the public as a
whole continued to support environmen-
tal progress.

Some Key Issues

Agreeing that more had to be done
still left unresolved many difficult ques-
tions about how to go about it. For exam-
ple, should environmental protection be
mostly a federal or a state responsibility?

As described by a recent National
Academy of Public Administration
(NAPA) report, cities and states interested
in controlling pollution faced a potential-
ly difficult trade-off with economic
growth, since factories could always

8 ENVIRONMENTAL QUALITY
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threaten to move to an area with less cost-
ly environmental regulations. “Smoke-
stack chasing” on the part of local eco-
nomic development officials created a
“race to the bottom” that made it difficult
for state or local governments to regulate
pollution.

Through the 1960s there was a grow-
ing determination that federal interven-
tion was a way to avoid this problem. In
the Air Quality Act of 1967, the federal
government directed states to establish
air quality regions and called for the fed-
eral government to establish scientific
criteria for regulating air pollutants. This
act did not authorize a federal regulatory
role, and most of the states declined to
implement provisions of the 1967 law
and the original Clean Air Act of 1963.

The federal government finally
assumed a national regulatory role with
the passage of the Clean Air Act of 1970,
which called for national ambient air
quality standards and required state
implementation plans (see Chapter 10,
“Air Quality™).

Similarly, water pollution legislation
gradually moved towards a stronger feder-
al role. The 1965 Water Quiality Act
required states to set water quality stan-
dards for interstate waterways within their
borders, but most states lacked the capaci-
ty to set their own standards and had trou-
ble resolving problems created by the
interstate nature of waterways. Congress
finally passed the Federal Water Pollution
Control Act of 1972, which established a
national goal that all surface waters
should be “fishable and swimmable.”

The act gave states and the Environ-
mental Protection Agency, which was

created in July 1970, the authority to reg-
ulate industrial point sources of pollution
and municipal wastewater treatment
facilities.

In terms of the federal budget, one of
the most important federal commitments
was the program of grants to municipali-
ties for the construction of wastewater
treatment facilities. The construction
grants program proved to be a massive
investment by the federal government:
between 1972 and 1995, EPA provided
$66 billion to municipalities under this
program. Of EPA's initial budget of $1.4
billion, about 80 percent was construc-
tion grant money.

With the passage of these two major
laws for water and air quality, the ques-
tion of federal-state relations had largely
been answered. The people, through
their representatives in government,
directed the federal government to take
the lead in setting standards and goals for
the country, assume a substantial share of
the financial burden, and work with the
states to implement those laws.

A second question was: What were the
most effective ways to reduce pollution?

The early federal approach is usually
described as “command- and-control,” in
which federal agencies issued directives
to the states and industries and expected
them to obey those directives. The term
is also associated with the federal govern-
ment’s early emphasis on technology
standards, which required facilities to
install specified control technologies.

According to the NAPA study and
many other analyses, command-and-con-
trol approaches, with the help of a strong
monitoring and enforcement effort, have

CHAPTER ONE



America and the Environment: A 25-Year Retrospective

Figure 1.1 U.S. Population,
1970-1995
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Figure 1.2 U.S. Gross Domestic
Product, 1970-1995
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been successful in controlling large point
sources of pollution such as industrial
facilities or mass-produced products such
as cars. They have been somewhat less
successful when the targets are more
numerous and diverse and there are
many control options.

As the strengths and weaknesses of this
approach have become clearer, a host of
new approaches have emerged that can
be an effective complement to the tradi-
tional approach. Some of these approach-

es are discussed later in this chapter and
in the next chapter.

REVIEWING THE RECORD
Driving Forces

Population growth, economic activity,
and rising per capita income all tend to
put pressures on the U.S. environment.

For example, from 1970 to 1995 U.S.
population rose from about 205 million
people to 263 million people, or 30 per-
cent (Figure 1.1). There were substantial
changes in distribution, with population
shifts toward the South and West.

The principal measure of economic
activity, gross domestic product, grew (in
constant 1992 dollars) from about $3.4
trillion in 1970 to more than $6.7 trillion
in 1995 (Figure 1.2). GDP per capita (in
constant 1992 dollars) grew from $16,520
in 1970 to $25,700 in 1995; over the
same period, per capita disposable per-
sonal income rose from $12,022 to
$18,800 (also in constant 1992 dollars)
(Figure 1.3).

Rising numbers and wealth both result
in rising consumption, which shows up
in a variety of forms, such as increased
demand for energy and natural resources,
more cars on the road and a doubling in
vehicle-miles traveled, and more solid
waste.

In the face of these pressures, the
record of improvement in many environ-
mental, energy, and natural resource
areas is impressive, as briefly reviewed
below.

10
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Figure 1.3 U.S. Per Capita
Disposable Personal Income,
1970-1995
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Washington, DC, November 1996), and earlier issues.

Air Quality

Overall, between 1970 and 1994 the
combined emissions of the six principal
pollutants declined 24 percent. (Trends
for four of these pollutants are shown in
Figure 1.4.)

Carbon monoxide (CO). From 1970
to 1994, emissions of carbon monoxide
declined from 128 to 98 million tons per
year, or 23 percent. During the 1985-94
period, national average CO concentra-
tions were down 28 percent and emis-
sions were down 15 percent.

Lead (Pb). The transition to unleaded
gasoline in automobiles has resulted in a
drastic decline in emissions, which are
down 98 percent over the 1970-94 period
and 75 percent over the 1985-94 period.

Nitrogen oxides (NOx). Over the
1970-94 period, emissions of NOx are up
14 percent, from 20.6 to 23.6 million
tons per year. Since 1985, emissions from
highway vehicles decreased 7 percent

while fuel combustion emissions
increased 8 percent.

Ozone. High levels of ozone persist in
many heavily populated areas, including
much of the Northeast, the Texas Gulf
Coast, and Los Angeles. It is estimated
that about 50 million people lived in
counties with ozone levels above the
national standard in 1994.

Particulate Matter (PM). Over the
1970-94 period, particulate emissions
declined about 78 percent. During the
1988-94 period, emissions were down 12
percent and concentrations down 20 per-
cent. Emissions from sources such as fuel
combustion, industrial processes, and
transportation declined by 17 percent
during the 1985-94 period.

Sulfur Dioxide (SO»). Over the
1970-94 period, emissions of sulfur
dioxide are down 32 percent. During the
1985-94 period, emissions were down 9
percent and concentrations were down 25
percent.

Figure 1.4 U.S. Emissions of
Selected Pollutants, 1970-1994
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Source: See Part lll, Table 27.

Note: NOX:nitrogen oxides. PM-10=particulate matter
with a diameter of 10 microns or less. Sozzsulfur
dioxide. VOC=volatile organic compounds.
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Figure 1.5 U.S. Emissions of
Air Toxics, 1988 and 1994
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Figure 1.6 U.S. Urban Air
Quality, 1985-1994
2,000 -

1,500

1,000 -

PSI days > 100

500

0.
1985 1988

Source: See Part I, Table 33.

Note: PSI=Pollutant Standards Index. PSI days > 100
are within the unhealthy range. See notes for Table 33.
Data are for all 1,204 trend monitoring sites.

1991 1994

TRI Air Emissions. Data on annual
air emissions, starting with the 1987
reporting year, have been collected annu-
ally for the Toxics Release Inventory
(TRI). The reports have been submitted
annually since 1987 by manufacturing
facilities with 10 or more employees. Not
all chemicals are listed under TRI report-
ing requirements, although chemical
coverage was greatly expanded for the
1995 reporting year and now includes

almost 650 chemicals and chemical cate-
gories.

Over the 1988-1994 period, total TRI-
reported air emissions declined by over
40 percent, from about 2.3 billion
pounds in 1988 to about 1.3 billion
pounds in 1994 (Figure 1.5). Of the TRI
listed chemicals, 10 account for over half
of all reported releases to air. Of these
chemicals, all but hydrochloric acid have
declined since 1988.

Overall Trends. The Pollutant Stan-
dards Index (PSI) is an overall assessment
of air quality for a given day. These val-
ues are reported daily in all cities with
populations over 200,000. A PSI value
over 100 indicates that at least one crite-
ria pollutant exceeded air quality stan-
dards on a given day (Figure 1.6).
Between 1985 and 1994, the total num-
ber of PSI days greater than 100
decreased 72 percent nationwide
(excluding Los Angeles and Riverside,
California). PSI days greater than 100
decreased 35 percent in Los Angeles and
27 percent in Riverside.

Water Quality and Aquatic
Resources

Since passage of the Clean Water Act
in 1972, most of the conspicuous water
pollution from point sources has been
eliminated. More than 57,000 industrial
facilities now operate under a pollution
control permit.

During the 1972-92 period, popula-
tion and pollutant loads arriving at treat-
ment plants each rose about 30 percent,
yet biochemical oxygen demand (BOD)
and total suspended solids (TSS) from

12
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treatment plants declined by 36 percent
(Figure 1.7). Direct industrial discharges
of toxic pollutants are down dramatically
since 1972.

EPA’s 1994 National Water Quality
Inventory is based on surveys conducted
during 1992 and 1993. The inventory
included 17 percent of the nation’s total
river miles, 42 percent of the nation’s
total lake area, and 78 percent of the
nation’s total estuarine area.

The survey of rivers found that 57
percent of all river miles showed good
water guality and broadly met the stan-
dards associated with their designated
use, while 7 percent were in good condi-
tion but threatened by future degrada-

tion. About 22 percent were in fair condi-

tion, partially supporting their designated
uses. Another 14 percent showed poor
quality (Figure 1.8). Bacteria and silta-
tion were the problems most often found,
each affecting 34 percent of all impaired
rivers. Pollutants from agricultural activi-

Figure 1.7 U.S. BOD Discharge
From Sewage Treatment Plants,
1972-1992
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Source: U.S. Environmental Protection Agency.
Note: BOD=biochemical oxygen demand.

Figure 1.8 Overall Use Support
in U.S. Surface Waters, 1994
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ties were identified in 60 percent of all
impaired miles.

The lake survey found 50 percent of
the nation’s lake area in good condition,
13 percent in good condition but threat-
ened, 28 percent in fair condition, and 9
percent in poor condition. Leading pollu-
tants included nutrients, which were
found in 43 percent of all impaired lake
acres, followed by siltation (28 percent),
oxygen-depleting substances (24 per-
cent), and metals (21 percent).

The survey of the nation’s total estuar-
ine area found 57 percent in good condi-
tion, 6 percent in good condition but
threatened, 27 percent in fair condition,
and 9 percent in poor condition. Nutri-
ents and bacteria were the pollutants
most often found in impaired estuaries.
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Figure 1.9. Average Annual
U.S. Wetlands Losses, Mid-
1950s to Mid-1980s
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In all three cases, less than 1 percent
of rivers, lakes, and estuaries had such
poor water quality that use support was
not attainable due to various biological,
chemical, physical, or economic/social
conditions.

The conversion of wetlands (both fed-
eral and nonfederal) to other uses has
slowed considerably over the past several
decades, dropping from an average of
690,000 acres per year in the 1954-74
period to about 423,000 acres annually in
the 1974-83 period (Figure 1.9). During
the 1982-92 period, it is estimated that
156,000 acres were lost annually on non-
federal lands (estimates for federal lands
during this period are not yet available).

Of the 1.56 million acres of nonfeder-
al wetlands lost over the 1982-92 period,
about 1.4 million acres became uplands

and about 200,000 acres became deepwa-

ter habitat. During the same period,
about 769,000 acres of deepwater or
upland habitat became wetland. Thus,
though absolute losses were estimated at

156,000 acres annually, the average “net”
loss of wetlands on nonfederal lands aver-
aged 70,000 to 90,000 acres annually.

Solid and Hazardous Waste

In absolute terms, municipal waste
generation has grown steadily and is
expected to continue to grow (Figure
1.10). From 1960 to 1994, waste genera-
tion increased from 88 million tons to
209 million tons, and projections indi-
cate that it will rise to 262 million tons by
the year 2010. Per capita generation,
which rose from 2.7 pounds per day in
1960 to 4.4 pounds per day in 1994, is
projected to hold steady at 4.4 pounds
through the year 2000, but increase to
4.7 pounds by the year 2010.

By September 1995 EPA had identi-
fied 40,094 potentially hazardous waste
sites across the nation, including sites
potentially contaminated with radioactive
waste. About 94 percent of these sites

Figure 1.10 U.S. Total and Per
Capita Solid Waste Generation,
1960-1994
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Source: See Part lll, Table 67.
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Figure 1.11 Erosion on U.S.
Cropland, 1982-1992
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have been assessed by EPA to determine
if further action is needed. To clear the
way for the economic redevelopment of
sites that are not of federal concern, the
Clinton Administration by 1995 had
removed more than 24,000 sites from the
Superfund inventory, leaving 15,622
remaining in the inventory.

The Superfund law’s National Priori-
ties List (NPL) identifies the nation’s
most seriously contaminated hazardous
waste sites, which are given highest prior-
ity for Superfund cleanup. By September
1995, a total of 1,374 sites had been listed
or proposed for listing. Work was under-
way at 93 percent of these sites and per-
manent cleanup construction was in
process or complete at 60 percent.

In the last few years, studies, plans,
and designs have been completed and
the pace of cleanups has quickened con-
siderably. Through 1995, permanent
cleanup construction had been complet-
ed at 346 sites, or 25 percent of the sites
on the NPL since the inception of the

program. In 1994 and again in 1995,
nearly twice as many Superfund cleanups
were completed in 12 months as were
completed in the program’s entire first
decade.

Agriculture

Conservation tillage practices, which
reduce soil erosion, were used on less
than 5 percent of planted acreage prior to
1970, rose to about 20 percent in 1989,
and exceeded 35 percent by 1994.

The Conservation Reserve Program
(CRP) is a voluntary program under
which farmers temporarily convert highly
erodible and other environmentally sensi-
tive cropland to soil-conserving uses,
such as grass or trees. Since the first CRP
signup, in 1986, farmers have enrolled
more than 36 million acres in the pro-
gram, or roughly 13 percent of the
nation’s cropland.

Erosion reduction because of the CRP
is about 700 million tons annually for the
entire CRP cohort—nearly 19 tons per
acre per year. CRP also provides benefits
in terms of wildlife habitat and popula-
tions, water quality, and wetland and for-
est area. Additionally, the program has
reduced federal outlays for farm deficien-
cy payments, strengthened farm income,
and helped balance the supply and
demand for agricultural commodities.

The average annual rate of sheet and rill
erosion on cropland was 3.1 tons per acre
in 1992, nearly 25 percent below 1982
average annual rate of 4.1 tons per acre.
Cropland wind erosion declined commen-
surately during the period, from 3.3t0 2.5
tons per acre annually (Figure 1.11). Pre-
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liminary results of a special erosion study
conducted in 1995 suggests that the
downward trend in soil erosion on crop-
land is continuing.

Pesticides

In its early years, EPA concentrated its
pesticide regulation efforts on the chlori-
nated hydrocarbons that were recognized
as acutely toxic, persistent, and bioaccu-
mulating in man and wildlife. Since
then, most organochlorines have been

either banned (aldrin, benzene, hexa-
chloride, DDT, DDD, dieldrin, endrin,
toxaphene) or severely restricted (chlor-
dane, heptachlor). Inorganic arsenicals,
another class of toxic pesticides, have
been restricted to wood preservative uses.
Organophosphates, which can be
acutely toxic and could possibibly have
longer term nervous system effects, have
also become a focus of EPA regulatory
action. Many of these chemicals are no
longer on the market and others are now

Figure 1.12 Status Ranks for U.S. Species by Conservation
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classified as “Restricted Use,” which lim-
its their use to certified applicators.

Over the past 25 years, EPA has taken
specific actions to educate consumers
and agricultural workers on the proper
use of pesticides in order to reduce their
potential risks from day-to- day exposures
to these chemicals. Steps include efforts
to improve labelling; the creation of
child-resistant packaging for pesticides;
and the development and dissemination
of educational materials. EPA’s Worker
Protection Standard, which went into full
effect in January 1995, also represents a
major strengthening of national efforts to
safeguard agricultural workers.

In 1988, a reregistration program was
started to reassess the hundreds of pesti-
cides approved before 1984 and bring
them up to today’s more stringent scien-
tific standards. Hundreds of chemicals
(in thousands of products) have been
canceled, while about 100 chemicals
have been formally approved for contin-
ued use.

Ecosystems and Biodiversity

The Nature Conservancy and state
agency-based Natural Heritage Network
maintain databases with information on
more than 28,000 U.S. species and an
additional 11,000 subspecies and vari-
eties. In 1996, the Conservancy reported
on the conservation status of 20,481
native U.S. species. This represents 13
major groups of plants and animals that
have been classified and studied in suffi-
cient detail to allow a status assessment
for each of their species.

Figure 1.13 Bald Eagles in the
Coterminous United States,
1963-1995
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Source: U.S. Department of the Interior, Fish and
Wildlife Service, Endangered Species Program.

Based on their global rarity, the report
found that almost one third (32 percent)
of the species surveyed were in some dan-
ger. About 1.3 percent were presumed or
possibly extinct, 6.5 percent were classi-
fied as critically imperiled, another 8.9
percent imperiled, and 15 percent were
classified as vulnerable (Figure 1.12).

Among raptors, populations of ospreys,
bald eagles, and peregrine falcons have
increased in numbers as they recover from
past effects of pesticides. Following the
ban on DDT, the bald eagle has increased
from a low of 400 nesting pairs in 1963 to
4,712 pairs in 1995 (Figure 1.13).

Energy and Transportation

The reduction in energy intensity that
has occurred over the last two decades
has been driven by energy efficiency
advances on the demand side and a shift-
ing of the economy away from energy-
intensive industry. According to Depart-
ment of Energy estimates, energy effi-
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Figure 1.14 U.S. Industrial
Energy Use, 1977-1991
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ciency and conservation efforts from
1973 through 1991 curbed the pre-1973
growth trend in primary energy use by
about 31 quads (a quad is equivalent to 1
quadrillion British Thermal Units, a
common measurement of energy use).
Of the 31 quads in savings, it is estimated
that about 56 percent comes from indus-
try, 21 percent from residential buildings,
5 percent from commercial buildings,
and 18 percent from transportation.

Between 1977 and 1991, industry
reduced the amount of energy required
for every dollar of output by 36 percent,
with about two thirds of these savings
coming from improvements in energy
efficiency (Figure 1.14). When energy
prices began to fall in the mid-1980s, the
rate of efficiency improvement slowed.
Between 1970 and 1980, energy intensity
declined by 2.5 percent per year, but the
rate of decline has dropped below 1 per-
cent in recent years.

Transportation energy use as a per-
centage of total energy use has remained
relatively constant, accounting for just
over one fourth of U.S. energy consump-

tion. In absolute terms, however, energy
consumption by the transportation sector
has risen from about 16 quads in 1970 to
about 24 quads in 1995, or 50 percent
(Figure 1.15). Cars and trucks alone
account for about 20 percent of total U.S.
energy use. Almost two thirds of total
U.S. petroleum consumption is in the
transportation sector.

Since 1949, transportation energy
consumption has increased at an average
annual rate of 2.4 percent, though growth
has not been uniform. Energy use in
transportation has risen slowly over the
past 15 years. Corporate average fuel effi-
ciency (CAFE) standards for light-duty
vehicles became effective in 1975, and
this and other factors (such as rising gas
prices) improved the efficiency of the
light-duty vehicle fleet significantly
between 1975 and 1985. However,
increased vehicle-miles traveled have
more than offset any increases in average
vehicle fuel economy. Transportation

Figure 1.15 U.S. Energy Use,
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energy use is the nation’s largest source of
air pollution. Energy use in vehicles is
expected to continue to rise throughout
the beginning of the 21st century.

The Unfinished Agenda

Despite the progress that has been
made on some fronts, many challenges
remain. In some cases, the pressures
posed by population growth have been
difficult to overcome. Partly as a result of
the growth in the number of automobiles
on the road, total emissions of nitrogen
oxides (NOx) have increased since 1970,
which has contributed to a continuing
problem with ground-level ozone in
many cities. Population and development
pressures have played a role in the con-
tinuing degradation of coastal zones and
estuaries and the wide-scale destruction
of critical habitats, though in many cases
creative policymaking and careful man-
agement can at least partially overcome
such conflicts.

In addition, about 40 percent of the
nation’s rivers, lakes, and estuaries still
don’t meet basic clean water standards;
wetlands losses on nonfederal lands were
about 70,000-90,000 acres per year dur-
ing the early 1990s; and localized cases of
waterborne disease continue to threaten
drinking water safety.

A few problems escaped attention
under the early command- and-control
approaches. The most notable was non-
point source water pollution, such as pes-
ticide and fertilizer runoff from farms and
stormwater runoff in urban areas.

A few problems were late-bloomers,
including the realization that indoor air

pollutants such as environmental tobac-
co smoke and radon pose significant
human health risks.

Finally, there was the growing realiza-
tion that human activities could be affect-
ing the global environment. In this
realm, the emerging issues have included
stratospheric ozone depletion, deforesta-
tion, declining marine fishery resources
in some species and regions, and new evi-
dence that some air emissions were
affecting global climate. Since 1972, for
example, worldwide generation of carbon
dioxide, a common “greenhouse” gas,
has increased by 8 percent. Most scien-
tists now believe that such emissions have
contributed to an increase in global tem-
perature.

NEW GLOBAL IMPERATIVES

By about the mid-1980s, a combina-
tion of factors contributed to some funda-
mental changes in thinking about envi-
ronmental policy and the roles of
government, business, and the public.

First, there was a strenthening per-
spective that some environmental prob-
lems were actually global in nature and
that human activities were capable of
altering global systems. The most visible
global problems were the role of CFCs in
depleting the ozone layer and of carbon
dioxide emissions from fossil fuels in con-
tributing to climate change. Other signif-
icant problems included the decline of
many regional fisheries and the wide-
spread loss of tropical forests and biodi-
versity.
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Global and domestic environmental
problems differ in three fundamental
ways. First, global problems cannot be
solved by U.S. action alone. Second,
global problems cannot be measured by
monitoring in the U.S. alone. Third,
global problems are generally less visible
to U.S. citizens than most domestic envi-
ronmental problems.

There was a growing recognition that
such problems required more global
cooperation than ever before. In many
cases, this has presented a difficult politi-
cal challenge, since these problems have
serious implications for economic growth
generally, require long-term coordination
among nations, and raise difficult con-
cerns about the tradeoffs between growth
and environmental protection.

Given these political difficulties, the
global community has made remarkable
progress in working towards solutions.
The 1985 Vienna Convention for the
Protection of the Ozone Layer and the
1987 Montreal Protocol on Substances

Figure 1.16 U.S. Production of
Selected Chlorofluorocarbons,
1970-1994
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that Deplete the Ozone Layer are in
place as agreements that will phase out
the use of CFCs, and the Framework
Convention on Climate Change has pro-
vided a starting point for the difficult
effort to reduce global emissions of car-
bon dioxide and other greenhouse gases.

The effort to phase out CFCs is an
interesting case study of the benefits of
cooperation, of the new role of the feder-
al government as a facilitator of solutions,
and of the new economic opportunities
provided by environmental protection
requirements.

Case Study: The CFC Phaseout

One of the unsettling characteristics
of modern economies is the speed with
which useful chemical compounds can
spread into every nook and cranny of the
industrial world. Only later are some
found to have unforeseen environmental
consequences.

An important example has been the
introduction of CFCs and their rapid
adaptation for a variety of industrial pur-
poses, the discovery of their harmful
effects on the stratospheric ozone layer,
and the global consensus and agreement
that emerged to phase these chemicals
out. The consensus was embodied in the
Montreal Protocol, which called for the
ultimate phaseout of CFC production.
An important milestone was reached on
January 1, 1996, when chemical manu-
facturers stopped producing chlorofluoro-
carbons for consumption in the United
States, except for a few essential uses
(Figure 1.16).
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According to a recent study by Eliza-
beth Cook of the World Resources Insti-
tute, there were several important ingre-
dients to this success. First, an
environmental goal, which can be adjust-
ed to reflect new information, is crucial,

it can send clear signals to the private sec-

tor and prompt needed investments. The
phaseout of CFC production provided
such a goal. Second, market-based instru-
ments, such as marketable permits and
excise taxes, created an efficient, respon-
sive, and flexible policy framework for
controlling ozone-depleting substances.

Third, entrepreneurial government initia-

tives helped industry by removing regula-
tory barriers, creating opportunities for
inter-industry problem-solving, and fos-
tering collaboration among typically
opposed groups. Fourth, scientific
advances and public education both
helped move the process forward.

CFCs have an unusual combination
of properties. They are nonflammable,
nontoxic, inexpensive to make, easy to
store, and chemically stable. In the late
1940s, the invention of an inexpensive
valve designed to take advantage of CFC
characteristics—such as their ability to be
stored under relatively low pressure—
marked the beginning of the aerosol age.
CFCs also proved valuable as solvents.
For example, they could be used to clean
semiconductor circuitry without damag-
ing the plastic mounting boards. They
were widely used in vehicular air condi-
tioning and for blowing foams of all
kinds, including those in fire extinguish-
ers, foam insulation, and that used to
make disposable hamburger cartons and
coffee cups.

In June 1974, University of California
at Irvine scientist F. Sherwood Rowland
and Mario J. Molina, a colleague at
Irvine, published a paper theorizing that
CFC:s, after decomposing in the stratos-
phere, would release chlorine atoms that
would react with and destroy the Earth’s
thin layer of ozone molecules. If CFC
emissions continued at the 1972 rate of
about 800,000 tons per year, about half a
million tons of chlorine would be
released in the stratosphere within 30
years, destroying between 20 and 40 per-
cent of the ozone layer.

In 1976, a National Academy of Sci-
ences report validated the ozone-deple-
tion theory. With this evidence in hand,
federal regulators took action. By March
1978, the federal government had
banned the use of CFCs in “non-essen-
tial” aerosols after December 15, 1978,
but continued to allow “essential” uses.
The decision to exempt essential uses
defused much of the opposition to the
broader objective of banning CFCs from
the vast majority of aerosols.

The spray can debate proved to be just
the beginning. To deal comprehensively
with the problem, much more had to be
done about the manufacture and use of
CFCs in other countries, the use of
CFCs in other industrial processes, and
the use of other chlorine-bearing com-
pounds similar to CFCs.

The Debate Goes Global

The 1982 discovery of the ozone hole
over the Anarctic helped reignite interna-
tional negotiations over CFCs. In 1985,
the Vienna Convention for the Protec-
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tion of the Ozone Layer established a
framework for later international agree-
ments and set up new international insti-
tutions to deal with the problem. By Sep-
tember 1987, representatives of 24
countries had agreed to the Montreal
Protocol. As originally drafted, the agree-
ment was intended to halve the produc-
tion and use of CFCs in the industrial-
ized countries between 1986 and the year
2000. The reductions were in three
stages: a freeze at 1986 levels by 1990; a
20-percent reduction by the end of 1993;
and a further 30- percent cut by the end
of 1999. In later negotiations at London
in 1990 and Copenhagen in 1992, the
phase-out date for most CFCs was pulled
back to 1996. The agreements also cover
other ozone- depleting substances,
including HCFCs, halons, methyl bro-
mide, carbon tetrachloride, and methyl
chloroform. These other substances will
continue to be phased out over the next
several decades. By 1993, over 140 coun-
tries had ratified both the Vienna Con-
vention and the Montreal Protocol.

Because of the disparate uses of CFCs,
each industrial sector presented a differ-
ent challenge. The government response
involved a wide range of approaches,
encompassing national and local legisla-
tion, regulations, bans, new product
reviews, and economic instruments.

In the case of foam packaging made
with polystyrene, EPA in February 1988
rounded up the key players—four envi-
ronmental organizations, nine packaging
manufacturers, two trade organizations,
and two chemical companies—to talk
about economically and environmentally

acceptable alternatives that could be
adopted by the entire industry.

With EPA acting as a facilitator, the
working group hammered out a volun-
tary phase-out agreement over the next
two months. Under it, foam manufactur-
ers would end CFC use by December
31, 1988; HCFC-22 would become an
“interim alternative,” and companies
committed themselves to adopt any new,
safe, and economically feasible blowing
agent within 12 months of FDA approval.
The agreement also encouraged the
development of a substitute within five
years. To promote enforcement of the
voluntary agreement, the industry agreed
to public monitoring of CFC and
HCFC-22 consumption.

In the case of devising “no-clean”
technology that re-engineered the solder-
ing process to eliminate the need for
CFCs to clean electronic components,
an important breakthrough occurred in
October 1989, when nine giant multina-
tional companies, in partnership with
EPA, formed the Industry Cooperative
for Ozone Layer Protection. Through
this public-private partnership, compa-
nies exploring no-clean technology
would share and publicize developments,
tour each other’s facilities, conduct tests,
distribute results, and jointly publish
technical papers.

Cooperation among competitors, par-
ticularly large multinationals, helped
defuse skeptics and persuaded other com-
panies to join in or suffer competitive dis-
advantages as chemicals became scarcer
and more expensive. The willingness of
large companies to work cooperatively
made it possible to commercialize and
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implement no-clean technologies rather
quickly.

The Government’s Role

The federal government played an
important role both as a policy-maker
and as a catalyst. The government estab-
lished pollution permits, which compa-
nies could trade, and excise taxes. EPA
catalyzed action by diverse interests by
trying to remove barriers and to help
industry identify and use cost-effective
solutions.

EPA officials in 1988 decided that the
most efficient way to meet the CFC (and
halon) consumption limits would be to
set up a marketable permits program and
assign allowances to the companies that
produced or imported CFCs based on
the size of each firm’s market share in
1986. Companies were required to report
both changes in the chemicals used and
trades among companies of allowances to
EPA. Any swaps had to balance larger
guantities of less-potent chemicals with
smaller volumes of strong ozone
depleters.

In practice, companies have traded
permits with each other and have shifted
permits among their own operations
domestically and internationally. As the
use of CFC-11 and CFC-113 declined,
companies increasingly traded their
allowances into CFC-12, which was still
in demand for use in the motor vehicle
air-conditioning industry.

The system has three notable advan-
tages. It lowered costs to both industry
and the government. It gave companies
great flexibility in responding to market

demands, and it allowed the United
States to quickly adapt to the changing
requirements of the Montreal Protocol.
EPA officials thought that the permit
system’s consumption caps would restrict
demand, push up prices, and encourage
users to adopt alternatives. As it turned
out, an “ozone-depleter” tax enacted by
Congress in 1989 gave CFC producers
and users an incentive to stay well below
the consumption caps. The tax, which
raised $2.9 billion in its first five years
from manufacturers and importers, took
effect in 1990 with a $1.37 per pound
base rate on CFCs and halons and called
for escalating rates over time. (One
unfortunate effect of the tax is that it
helped stimulate a black market in
CFCs. An estimated 10,000 to 22,000
tons of CFCs illegally entered the United
States in 1994 and 1995. Violations of
restrictions on CFC imports must be sub-
ject to swift and strong punishment to
effectively deter future noncompliance.)
The CFC phase-out is a remarkable
story of effective policymaking and con-
structive cooperation among adversaries.
The policy framework set a firm goal,
gave industry flexibility in meeting it, and
put a high priority on lowering public
and private compliance costs. It utilized a
combination of regulatory and market-
based approaches. Of course, these efforts
had significant costs: they altered invest-
ment strategies, required some firms to
take some steps sooner than they might
have ordinarily, and forced some to use
more expensive alternatives. But these
costs would have almost certainly been
higher under a regulatory strategy blind
to market signals and the strengths of the
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public and private sectors. And, through
the introduction of new practices, many
industries are now reaping huge savings.

THE CHANGING ROLE OF
THE PUBLIC

In recent years many communities
have embarked on a new course of
growth that uses the concept of sustain-
ability as a benchmark.

A vital part of the effort is the partici-
pation of community residents in identi-
fying a community’s needs and working
toward a collaborative solution. Bringing
all elements of a community—individu-

als, elected officials, members of the busi-

ness community, environmental groups,
and civic organizations—together offers
the best chance for lasting solutions.

Community participation is now an
important focus for many cities. In Seat-
tle, a local citizens’ group led an effort to
measure the progress or decline of key
social, economic, and environmental
indicators that were identified by the
community as priorities. In the New York
City area, residents of the South Bronx
are playing a lead role in planning to
revitalize their community.

Chattanooga is a particularly striking
success story. Chattanooga’s plight in the
1960s was similar to that of many other
cities: suburban sprawl, loss of traditional
manufacturing jobs, racial conflicts, poor
schools, and a decaying urban infrastruc-
ture had all contributed to the city’s
decline. On top of that, Chattanooga in
1969 was dubbed the “worst polluted
city” in America. Air pollution was so bad

that drivers often had to switch on their
headlights in the middle of the day.

Today, Chattanooga is widely recog-
nized as one of the nation’s best environ-
mental turnaround stories. How did it
happen? The city’s business, political,
and environmental leaders, along with
the community as a whole, all played a
role. Rather than an onerous burden,
environmental improvements proved to
be an economic opportunity for the city.
The city’s new electric buses are made by
a new local firm that has also received
orders from cities in several other states.
Cleaning up the city’s air spawned a new
local manufacturer of air pollution
“scrubbers.” The city’s leaders increasing-
ly see environmental improvements as an
opportunity to attract new businesses and
new investments.

Community participation was another
big part of Chattanooga’s success. The
1984 Vision 2000 Project brought togeth-
er some 1,700 members of the communi-
ty to talk about their vision of the city in
the year 2000. The project came up with
34 goals that generated some 223 city
projects, including construction of the
Tennessee River Park and the Tennessee
Aquarium. By 1992, 85 percent of the
goals had been met. Some $739 million
has been invested in the city, about two
thirds from private sources.

Chattanooga’s vision of its future isn’t
unigue. Other cities such as Portland,
Oregon, and states like Minnesota have
begun to use broad-based goal-setting
and benchmarking projects. In Portland,
communities are working together to
plan for the region’s rapid population
growth. With the help of coordinated
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decisonmaking and the use of urban
growth boundaries, these communities
are preserving open space and prime
farmland to help maintain the area’s
quality of life.

Many other communities—including
Charleston, South Carolina, and Savan-
nah, Georgia—are using design control
and making historic preservation a priori-
ty. Preservation of existing buildings pro-
vides a double benefit, saving both ener-
gy and materials and preserving a
community’s sense of continuity.

State, local, and community efforts to
build new partnerships and look for inno-
vative new solutions to community prob-
lems provide both a challenge and an
opportunity at the federal level. Most fed-
eral agencies, including the Departments
of Energy, Interior, Defense, Agriculture,
and others, are pursuing these opportuni-
ties.

One such effort is EPA’s new National
Environmental Performance Partnership
System (NEPPS). Under this program, a
state performs a self-assessment of its
environmental programs and negotiates
an agreement with EPA on environmen-
tal and public health priorities and on
how federal and state resources will be
used to address them during the coming
year. The program encourages local gov-
ernments and the public to get involved
in defining the way environmental pro-
tection works. This approach brings EPA,
states, and the public together to evaluate
public health and environmental prob-
lems in the state, set priorities, and devel-
op a plan to address them. The program
also provides states with increased flexi-
bility to address local environmental con-

ditions with the help of public informa-
tion and public involvement.

Public Support for Environmen-
tal Protection

In one important respect, the role of
the public has not changed much since
1970. The American public has
remained generally supportive of envi-
ronmental protection and environmental
protection laws and regulations.

Periodically since 1973, Roper Starch
Worldwide Inc. has been asking this ques-
tion: “There are different opinions about
how far we've gone with environmental
protection laws and regulations. At the
present time, do you think environmental
protection laws and regulations have gone
too far, or not far enough, or have struck
about the right balance?” In October
1973, 13 percent of respondents said laws
and regulations had “gone too far,” 34
percent said “not far enough,” 32 percent
said they had “struck about the right bal-
ance,” and 21 percent said “don’t know.”
In September 1994, 13 percent said
“gone too far,” 47 percent said “not far
enough,” 34 percent said “struck about
the right balance,” and 6 percent said
“don’t know” (Figure 1.17).

Cambridge Reports/Research Interna-
tional has asked a similar question since
1982: “In general, do you think there is
too much, too little, or about the right
amount of government regulation and
involvement in the area of environmen-
tal protection?” Large majorities have
responded that involvement is either too
little or about right. About 10 percent of
respondents said “too much” through the
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Figure 1.17 Public Response to
Surveys on "How Far Have
Environmental Laws and
Regulations Gone?"
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1980s, but recently that percentage has
risen.

Support seems to be increasing for the
view that both economic growth and a
cleaner environment are simultaneously
obtainable. Through the 1970s and
1980s, according to polls by Cambridge
Reports/Research International, about
half of all Americans thought we could

have both; more recently, about two
thirds agree with this view.

Forging a New Paradigm

Over the past 25 years a great deal has
been learned about environmental prob-
lems and strategies to deal with them.
Though a number of residual problems
remain, the effort was generally success-
ful and has almost certainly provided
benefits well in excess of the costs.

Out of this experience, a new para-
digm has emerged that can complement
traditional approaches and help us build
on proven means to protect human
health and the environment. This new
paradigm emphasizes goal-setting, eco-
nomic incentives, pollution prevention, a
more holistic approach to environmental
problems, simplification of regulations,
more flexible problem-solving, and a
more interactive approach with stake-
holders and the community at large.
Some of these new approaches are the
subject of the second chapter, which
looks ahead to our environmental future
over the next 25 years.
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CHAPTER TWO

America and
the Environment:

The Changing Role of Government

nvironmental policy in the United

States is in a period of consolidation
and reinvention that emphasizes using
better science to get better results at less
cost, with more flexibility, and with
greater public participation in the deci-
sionmaking process.

The federal government is taking an
active role in leading this effort, while at
the same time maintaining its traditional
role in monitoring and enforcing existing
federal environmental laws. Without
strong enforcement of basic standards,
market-based incentives and other new
approaches would have little chance of
success.

The foundation of this reinvention
effort is summed up in three pivotal
recent reports, which provide an overall
framework and goals for the near-term

future in the United States and describe

some innovative new tools to reach those

goals.
< Sustaining America, the report of
the President’s Council on Sustainable
Development (PCSD), presents the
best thinking of a multitude of stake-
holders and a philosophical framework
for the future. The report includes a
“We Believe Statement” that summa-
rizes the council’s thinking about envi-
ronmental protection over the next 25
years (Box 2.1).

e The Clinton Administration’s Rein-
venting Environmental Regulation runs
along parallel lines, providing many of
the working policy proposals that are
likely to be a focus of future environ-
mental policymaking (Box 2.2).

Reflections on 25 Years

“Whether we like it or not, continued economic and population growth guarantee that
environmental issues are going to become more urgent and complex, not less.”

Russell Train (CEQ Chair, 1970-73)
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10.

11.

12.

13.

14.
15.

Box 2.1.
The President’s Council on Sustainable Development—We Believe Statement

. To achieve our vision of sustainable development, some things must grow—jobs, productivity,

wages, capital and savings, profits, information, knowledge, and education—and others—pollu-
tion, waste, and poverty—must not.

. Change is inevitable and necessary for the sake of future generations and for ourselves. We can

choose a course for change that will lead to the mutually reinforcing goals of economic growth,
environmental protection, and social equity.

. Steady progress in reducing disparities in education, opportunity, and environmental risk within

society is essential to economic growth, environmental health, and social justice.

. The United States made great progress in protecting the environment in the last 25 years, and

must continue to make progress in the next 25 years. We can achieve that goal because mar-
ket incentives and the power of consumers can lead to significant improvements in environmental
performance at less cost.

. Economic growth based on technological innovation, improved efficiency, and expanding glob-

al markets is essential for progress toward greater prosperity, equity, and environmental quality.

. Environmental regulations have improved and must continue to improve the lives of all Ameri-

cans. Basic standards of performance that are clear, fair, and consistently enforced remain nec-
essary to protect that progress. The current regulatory system should be improved to deliver
required results at lower costs. In addition, the system should provide enhanced flexibility in return
for superior environmental performance.

. Environmental progress will depend on individual, institutional, and corporate responsibility, com-

mitment, and stewardship.

. We need a new collaborative decision process that leads to better decisions, more rapid change,

and more sensible use of human, natural, and financial resources in achieving our goals.

. The nation must strengthen its communities and enhance their role in decisions about environ-

ment, equity, natural resources, and economic progress so that the individuals and institutions
most immediately affected can join with others in the decision process.

Economic growth, environmental protection, and social equity are linked. We need to develop
integrated policies to achieve these national goals.

The United States should have policies and programs that contribute to stabilizing global human
population; this objective is critical if we hope to have the resources needed to ensure a high qual-
ity of life for future generations.

Even in the face of scientific uncertainty, society should take reasonable actions to avert risks where
the potential harm to human health or the environment is thought to be serious or irreparable.

Steady advances in science and technology are essential to help improve economic efficiency,
protect and restore natural systems, and modify consumption patterns.

A growing economy and healthy environment are essential to national and global security.

A knowledgeable public, the free flow of information, and opportunities for review and redress
are crtically important to open, equitable, and effective decisionmaking.

16. Citizens must have access to high-quality and lifelong formal and nonformal education that
enables them to understand the interdependence of economic prosperity, environmental quali-
ty, and social equity—and prepares them to take actions to support all three.
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Box 2.2
Reinventing Environmental Regulation

The Clinton Administration’s Reinventing Environmental Regulation includes 10 principles:

1. Protecting public health and the environment are important national goals, and individu-
als, businesses, and government must take responsibility for the impact of their actions.

2. Regulations must be designed to achieve environmental goals in a manner that minimizes
costs to individuals, businesses, and other levels of government.

3. Environmental regulations must be performance-based, providing maximum flexibility in
the means of achieving our environmental goals, but requiring accountability for the results.

4. Preventing pollution, not just controlling or cleaning it up, is preferred.

5. Market incentives should be used to achieve environmental goals, whenever appropri-
ate.

6. Environmental regulations should be based on the best science and economics, subject
to expert and public scrutiny, and grounded in values Americans share.

7. Government regulations must be understandable to those who are affected by them.

8. Decisionmaking should be collaborative, not adversarial, and decisionmakers must inform
and involve those who must live with the decisions.

9. Federal, state, tribal, and local governments must work as partners to achieve common

environmental goals, with nonfederal partners taking the lead when appropriate.

e The three-volume report of the
Interagency Ecosystem Management

Task Force—The Ecosystem Approach:

Healthy Ecosystems and Sustainable
Economies—describes the challenges
and benefits of developing a natural
resource management approach
focused on restoring the health, pro-
ductivity, and biological diversity of
ecosystems.

As these reports make clear, there are
an attractive array of new tools available
to support environmental protection
efforts. And, as the ecosystem manage-
ment task force report demonstrates,
some exciting new approaches to envi-

ronmental management are available as
well.

In any given environmental manage-
ment or policy issue, many of these new
tools are simultaneously evident. In the
case of broad new approaches such as
ecosystem management or Comprehen-
sive Conservation and Management
Plans, nearly all of these tools may play
an important role.

NEW TOOLS

New tools for environmental protec-
tion fall into four general categories: (1)
decisionmaking; (2) technological inno-
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vation; (3) economic systems; and (4) reg-
ulatory systems.

First, there are many opportunities to
improve decisionmaking, including: using
sound science and computer applications
to improve our understanding of the envi-
ronment and make the latest research eas-
ily accessible; using risk assessment and
other tools to better define priorities and
target high-risk areas; and encouraging
public participation to build better con-
sensus about decisions.

There are opportunities to improve
the efficiency of technological systems,
including encouraging the introduction
of new technologies that reduce impacts
on human health and the environment.

There are opportunities to improve
the efficiency of economic systems, includ-
ing looking for market-based systems
such as emissions trading to get more
benefits at less cost.

Finally, there are opportunities to
improve the efficiency of regulatory sys-
tems, including simplifying paperwork
and reducing the administrative burden
on the regulated community where con-
sistent with human health and the envi-
ronment, and developing alternative per-
formance-based strategies that build
more flexibility and innovation into the
system.

Improved Decisionmaking

In the area of decisionmaking, three
prominent new tools include: (1) the use
of computers, telecommunications, and
geographic information systems to assess
the environment and disseminate infor-
mation about the environment; (2) the

effort to assess the risks to human health
inherent in contaminants and target
those contaminants that pose the greatest
risk; and (3) the effort to encourage the
broadest possible public participation in
the decisionmaking process.

In the first case, there are numerous
examples of federal agencies applying
sophisticated new information-gathering
techniques.

« In the region around Camp
Pendleton, California, a federally sup-
ported team of investigators spent two
years studying biodiversity, landscape
planning, and alternative futures for
the region. The research strategy
assumed that the major stressors caus-
ing biodiversity change were related to
urbanization, including population
growth and development. A computer-
based Geographic Information System
(GIS) was developed to describe the
region, an 80 kilometer by 134 kilo-
meter rectangle that encompasses five
major river drainage basins. Analytical
models used the digital data to evalu-
ate the complex dynamic processes at
work in the area and the possible
impacts on biodiversity resulting from
changes in land use. Future change
was studied at four scales: several
restoration projects, a subdivision, a
watershed, and the region as a whole.
Future scenarios look at regional
development to the year 2010 and to
subsequent “build-out.” The first sce-
nario is based on current plans devel-
oped by local governments and Camp
Pendleton. Five alternative scenarios
provide a method to explore and com-
pare the impacts of different land use
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patterns on biodiversity. Alternative 1
uses the dominant spread pattern of
low-density growth, while Alternative
2 uses the spread pattern but intro-
duces a conservation strategy in the
year 2010. Alternative 3 includes pro-
posals to encourage private conserva-
tion of biodiversity. Alternative 4
focuses on multi-centered develop-
ment, while Alternative 5 concentrates
growth in a single city.

Models for the region’s soils, hydrol-
ogy, and fire also are included. Biodi-
versity is assessed in three ways: a land-
scape ecological pattern model;
potential habitat models for 10 select-
ed species; and a species richness
model. Taken together, the models
and various alternatives can help illu-
minate the risks and benefits of a range
of growth alternatives for the region
and provide some helpful tools for
managing the urbanization process.

e The Interior Department’s Office
of Surface Mining (OSM) has devel-
oped an Acid Mine Drainage GIS.
The system is being used as a tool to
determine if acid mine drainage is
likely to occur at a given location.

OSM encourages the automated shar-
ing of digital geospatial information
between state and federal agencies,
industry, and the public. This shared
information between the stakeholders
assists in reaching a science-based
consensus to identify priorities for acid
mine drainage cleanup and preven-
tion efforts.

e The Department of Energy has
substantially strengthened its focus on
electronic distribution of data. Nearly
everything the Energy Information
Administration (EIA) now produces is
available electronically. EIA also has
begun releasing preliminary informa-
tion, based on the fact that nearly four
out of five customers said they would
be satisfied with an earlier release of
95-percent accurate data.

Environmental Risk Assessment and
Priority Setting. The use and production
of food, energy, industrial and consumer
goods, the generation of waste, and many
other activities all expose Americans to a
variety of risks, both to their health and to
the health of the environment. Many of
these exposures are minute, and on any

Reflections on 25 Years

“We are now confronting, because of our industrialized society, an entirely different vari-
ety and much more insidious and complex form of pollution, namely toxics. We measure
pollutants now, not in tons, but in parts per million, trillion, or quadrillion. The chal-
lenge that we've not yet been able to meet adequately is the causal relationship between
a pert per million, trillion, quadrillion, of a given pollutant, and its effect on our health
and that of our kids. That is where a good deal of our research needs to be.”

Michael Deland (CEQ Chair, 1989-93)
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given day have no discernible impact.
After months, years, or decades, however,
the cumulative impact of repeated expo-
sures may result in health problems in
some individuals.

Environmental risk is defined as the
probability of occurrence of a particular
adverse effect on human health or the
environment as a result of exposure to an
environmental hazard. An environmen-
tal hazard may be a hazardous chemical
in the environment, but could also be a
natural hazard or a hazardous technology
such as a dam. Many health concerns are
associated with environmental pollutants.
Cancer is the best known, but reproduc-
tive impairments, birth abnormalities,
asthma and other forms of airway hyper-
activity, and effects on all the organ sys-
tems of the body also warrant serious
attention.

In 1993, the Environmental Protec-
tion Agency (EPA) conducted about
7,500 risk analyses. About 80 percent
(6,000) of these were quick “screens” to
look for chemicals that required more
intensive review. About 250 were major
projects requiring more than four weeks
of staff time. Many other federal agencies
also conduct risk assessments, including
the Occupational Safety and Health
Administration, the National Institute for
Occupational Safety and Health, the
Food and Drug Administration, the
Department of Agriculture, the Depart-
ment of Defense, and the Department of
Energy.

EPA’s various statutes generally
require some form of hazard assessment
or risk analysis as a basis for regulation,
but the statutes are fragmented and con-

tain differing requirements for how the
agency is supposed to use risk informa-
tion in regulations. Some laws, such as
parts of the Clean Air Act, direct the
agency to set standards for pollutants at
levels that will protect people’s health,
but bar the administrator from consider-
ing the standards’ cost to society. Other
laws require EPA to set technology-based
standards, which require no analysis of
the risks posed by the pollution. A third
group, including the pesticides, safe
drinking water, and toxics acts, require a
formal comparison of risks and costs.

Congress and the Administration have
struggled to reconcile these issues over
the last several years. An important water-
shed in this debate is Executive Order
12866, which President Clinton signed
on September 30, 1993. The order states:

“In deciding whether and how to regu-
late, agencies should assess all costs and
benefits of available regulatory alterna-
tives, including the alternative of not reg-
ulating. Costs and benefits should be
understood to include both gquantifiable
measures (to the fullest extent that these
can be usefully estimated) and qualitative
measures of costs and benefits that are
difficult to quantify, but nevertheless
essential to consider. Further, in choos-
ing among alternative regulatory
approaches, agencies should select those
that maximize net benefits (including
potential economic, environmental, pub-
lic health and safety, and other advan-
tages; distributive impacts; and equity),
unless a statute requires another regulato-
ry approach.”

The executive order is relatively
broad. It assumes and encourages a com-
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parative evaluation of a range of options.
The order is an internal management
tool and therefore does not raise the issue
of judicial review. It also requires consid-
eration of the degree and nature of risk.

Risk assessment helps provide a foun-
dation for the effort to focus on high-pri-
ority risks and compare benefits and costs
of new regulations. For example, the
1996 amendments to the Safe Drinking
Water Act eliminate the requirement for
EPA to establish regulations for 25 conta-
minants every three years and replaces it
with a requirement to examine five prior-
ity contaminants every five years to deter-
mine whether regulation is warranted. If
EPA decides to regulate a contaminant
and determines that the benefits of a
national safety standard are not justified
by the costs, it is given the flexibility to
set the standard at a level that is justified
while maximizing health risk reduction.

On a variety of other fronts, EPA is
attempting to strengthen its emphasis on
high-risk pollutants:

e In March 1996, EPA exempted 31

low-risk pesticide ingredients from reg-

istration with EPA, changing a long-
standing requirement.

< In November 1995, EPA proposed
a new hazardous waste identification
rule that will refocus the regulatory
program on high-risk wastes. This rule
will exempt wastes that do not pose a
significant public health threat from
the hazardous waste management reg-
ulatory system. Businesses handling
these low-risk wastes could save as
much as $75 million annually.

* In September 1995, EPA issued a

new policy on the frequency of inspec-
tions of wastewater discharges under
the Clean Water Act’s National Pollu-
tion Discharge Elimination System.
The new policy will allow inspectors
to reduce their visits to facilities that
handle lower risk materials and have
good compliance track records.

Overall, both Congress and the
Administration are moving towards a
greater emphasis on pollutants that pose
the highest risk to public health and the
environment, a stronger emphasis on
cost-effective regulation and priority set-
ting, and the use of a broad definition of
risks, costs, and benefits.

Public Participation. There are many
examples of the benefits of broad partici-
pation in the decisionmaking process,
some of which are described in Chapter 1,
“America and the Environment: A 25-Year
Retrospective.”

In addition to facilitating these
processes, many federal agencies are
forming partnerships with professional
societies, educational institutions, and
community groups to develop and imple-
ment coordinated strategies supporting
environmental education.

Technology Innovation

The federal government is also play-
ing an important role in applying new
technologies to environmental protection
and in encouraging the introduction of
technologies that prevent or reduce envi-
ronmental pollution.

An interesting example of the value of
technology is the recent cooperative
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effort to control the sea lamprey popula-
tion in Lake Erie.

Rebuilding stocks of lake trout has
been particularly challenging because of
losses caused by sea lamprey, which dur-
ing their parasitic phase attach them-
selves to and feed off of trout and other
predators. Sea lamprey control measures
were reasonably effective from about
1970 to the mid-1980s, allowing for the
restocking and recovery of lake trout. At
the St. Marys River in Sault St. Marie,
however, the elimination of municipal
and industrial discharges into the river
significantly increased water quality and
enabled lamprey populations to make a
comeback. By the early 1990s, the St.
Marys was producing more young lam-
prey than all other Great Lakes spawning
tributaries combined. The effect on lake
trout was devastating; in 1995, the catch
of wild young-of-the-year lake trout was
the lowest in 10 years.

The effort to control the sea lamprey
population in the St. Marys is a remark-
able story of collaboration and creativity.
Many people and institutions contributed
to this effort:

< By about 1993, the National Bio-
logical Service (NBS) Lake Huron
Station had completed development
of a chemosterilant for male sea lam-
preys that did not affect the animal’s
reproductive behavior.

« By 1990, the Global Positioning
System (GPS), originally developed
for the military, had become widely
available for nonmilitary navigation
and mapping. A few years later, the
Fish and Wildlife Service developed a
deep-water quantitative sampling

device and GIS mapping for estimat-
ing and plotting densities of larval sea
lamprey.

e During the mid-1980s, the Army
Corps of Engineers developed an oil
spill model to aid in contingency plan-
ning for oil containment in the St.
Marys River.

e In 1994, federal, state, and Canadi-
an agencies signed an agreement and
partnership on lamprey-trapping struc-
tures with the Canadian Great Lakes
Power Company and the Army Corps
of Engineers power stations.

The Fish and Wildlife Service’s deep-
water sampling revealed that the distribu-
tion of young lamprey was very patchy in
the St. Marys. With funds from the Great
Lakes Fishery Commission, a small fleet
of boats was equipped with GPS naviga-
tion and GIS computers to map the lam-
prey distribution. The Corps of Engi-
neers oil spill model was modified for use
as a lampricide model. Larval mapping
demonstrated that treatment of just the
lamprey “hot spots,” using GPS-guided
delivery systems, could provide reason-
able lamprey control by treating as little
as 20 percent of the river at a fraction of
the cost of traditional treatment.

Trapping at the power plants at Sault
St. Marie is currently removing about 40
percent of the adult lamprey spawning
run. The trapped males are being
chemosterilized at the NBS Lake Huron
Biological Station and released back to
the river. Initial findings suggest these
males mate successfully with normal
females and neutralize their reproduction.
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Pollution Prevention. Pollution pre-
vention represents an important new
opportunity to get more growth with less
waste. More than a dozen states have
passed pollution prevention laws, and the
Congress also has endorsed the approach
in the 1990 Pollution Prevention Act.

State pollution prevention laws gener-
ally include pollution reduction goals,
plans, facility assessments, and provisions
on information and technical assistance.
Many states help facilities conduct volun-
tary assessments to identify pollution
sources. Firms then must draft plans,
based on these assessments, that lay out a
pollution-reduction strategy.

Some states provide technical assis-
tance and information. In Arizona and
Nevada, Resource Conservation and
Recovery Act (RCRA) grants were used to
set up university-based pollution preven-
tion centers where firms can get help.
Connecticut also has established a busi-
ness loan program.

Other efforts also are underway to look
broadly at the environmental impact of
entire industrial sectors.

For example, the Great Printers Pro-
ject seeks to create a business environ-
ment conducive to pollution prevention
for an entire industrial sector. The pro-
ject is a partnership led by the Environ-
mental Defense Fund, Council of Great
Lakes Governors, and Printing Industries
of America. The team includes Great
Lakes regulatory and economic develop-
ment agencies, the U.S. Environmental
Protection Agency, state and federal tech-
nical assistance providers, printers, sup-
pliers, and customers.

The team analyzed regulations, permit
and reporting requirements for all envi-
ronmental media, barriers and possible
incentives to pollution prevention, and
general environmental protection. It
determined what kinds of technical,
financial, and regulatory assistance would
be useful and how it should be provided.
It examined the factors—customer
demands, regulatory requirements, and
access to technology and financial
resources—that can lead printing compa-
nies away from pollution prevention at
the source.

In July 1994, the team released its
consensus recommendations. The rec-
ommendations affected everyone
involved in the printing process—print-
ers, print buyers, suppliers, distributors,
government regulators, and technical
assistance organizations. Implementation
activities are now underway in four pilot
states: Illinois, Michigan, Minnesota, and
Wisconsin.

The project focuses on supporting
print shops committed to furthering
Great Printers principles to:

< comply with applicable environ-
mental, health, and safety laws;

< go beyond compliance by employ-
ing the most environmentally sound
practices to (1) maximize reduction of
waste at the source, (2) reuse or recy-
cle waste that cannot be prevented,
and (3) maximize energy efficiency in
the print shop;

« seek to continuously improve on
environmental performance through

periodic assessments of operations,
materials, and products, and by draw-
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ing on information and ideas from
employees, print buyers, suppliers,
and neighbors; and

= measure and report on progress.

Key components of the program
include: generating customer demand to
create a market for environmentally
superior printing; improving access to
technology and financial resources for
printers; and simplifying government
requirements so that printers can readily
understand, meet, and exceed their envi-
ronmental obligations.

For example, EPA created the Printers
National Environmental Assistance Cen-
ter to provide a central source of accurate
and current environmental compliance
and pollution prevention information for
the printing industry. The center has cre-
ated a World Wide Web site on the Inter-
net to efficiently share information with
printers.

Improved Economic Efficiency

There are opportunities to improve
the efficiency of economic systems, includ-
ing looking for market-based systems
such as emissions trading to get more
benefits at less cost and developing alter-
native performance-based strategies that
build more flexibility and innovation into
the system.

Emissions Trading Programs. Emis-
sions trading among stationary sources is
an increasingly important regulatory tool.
Under this system, a company that
reduces emissions below the level
required by law can receive emissions
credits that can be used for higher emis-

sions elsewhere. Companies can trade
emissions among sources within a com-
pany as long as combined emissions stay
within a specified limit. Companies also
can trade emission credits with other
companies that are sources of such emis-
sions or save earned emission credits for
future use or trade.

Ozone Trading. The current ozone
control program has focused on a combi-
nation of technology-based mandatory
measures and state plans that historically
have discouraged flexible emissions trad-
ing programs. EPA recently issued regula-
tions and guidance to encourage devel-
opment of economic incentive programs,
helped develop an emissions trading mar-
ket in Southern California, and spon-
sored demonstration projects in the
Northeast and elsewhere.

EPA proposed in August 1995 a model
rule for emissions trading of smog-creat-
ing pollutants. Under this policy, a com-
pany that exceeds its required pollution
reductions would have the opportunity to
sell its “surplus” reductions (or “credits”)
to companies that find credits a more
cost-effective way to comply with these
requirements. Once trading is allowed in
a state plan, companies could freely
engage in trades without prior approval as
long as reporting and public health stan-
dards are being met.

Expanding use of market-based emis-
sions trading on a local and regional level
will give companies broad flexibility to
find the lowest cost approaches to emis-
sions reductions. The rule would encour-
age experimentation with new trading
options, including allowance-based trad-
ing systems in which total emissions are
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capped, which are already under devel-
opment in some areas.

Acid Rain Trading. The 1990 amend-
ments to the Clean Air Act created an
acid rain control program that is designed
to reduce emissions of sulfur dioxide and
nitrogen oxides, the primary causes of
acid rain. The law sets as its primary goal

the reduction of annual SO, emissions
by 10 million tons below 1980 levels
(which were about 18 million tons) in
the year 2010 (Figure 2.1). The 1990
amendments also set a goal of reducing
NOXx by 2 million tons from 1980 levels
by the year 2000.

It requires a two-phase tightening of
the restrictions placed on fossil fuel-fired
power plants. Phase I, which began in
1995, affects 445 mostly coal-burning
units in the eastern and midwestern
states. In 1995, SO5 emissions from these
units were measured at 5.3 million tons
annually, 40 percent below the required
level and less than half their emissions in
the 1980s (Figure 2.2). The reductions
seem to be providing immediate benefits;
according to a study prepared for the U.S.
Geological Survey, rainfall acidity at
some sites in the Midwest, Northeast,
and Mid-Atlantic regions dropped by 10-
25 percent in 1995,

Phase I, which begins in the year
2000 and affects over 2,000 units, tight-
ens annual emissions limits on larger
plants and also sets restrictions on smaller
plants. The program affects existing utili-
ty units serving generators with an output
capacity greater than 25 megawatts and
all new utility units.

Under the trading program, affected
utility units were allocated allowances
based on their historic fuel consumption
and a specific emissions rate. Each
allowance permits a unit to emit 1 ton of
SO, during or after a specified year. For
each ton discharged in a given year, one
allowance is retired and can no longer be
used. Allowances may be bought, sold, or
banked. In 1995, 5.3 million allowances
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were deducted, which represents 61 per-
cent of all 1995 allowances issued. Dur-
ing Phase I1, the Clean Air Act sets a cap
of 8.95 million allowances for total annu-
al allowance allocations to utilities. This
cap will ensure that environmental bene-
fits will be achieved and maintained.

The cost of reducing a ton of SO,
from the utility sector continues to
decline: scrubber costs have dropped
about 40 percent below 1989 levels,
removal efficiencies have improved from
about 90 to 92 percent in 1988 to about
95 percent or more in new retrofits, and
expected increases in cost associated with
the increased use of low sulfur coal have
not materialized. These reductions in
cost are being reflected in allowance
prices, which have dropped from $150
per ton to about $80 per ton in mid-1996.
About 99 percent of all allowance trades
are processed within 5 days, and 81 per-
cent are processed within 24 hours.

The NOXx program focuses on coal-
fired electric utility boilers. As with the
SO, program, it is implemented in two
phases (1996 and 2000), but it does not
“cap” NOx emissions or utilize an
allowance trading system. Ultilities have
two options: compliance with an individ-
ual emissions rate for a boiler or averag-
ing of emissions rates over two or more
units to meet an overall emissions rate
limitation. These options give utilities
flexibility to meet the emissions limita-
tions in the most cost- effective way and
allow for the further development of
technologies to reduce the cost of com-
pliance.

Effluent Trading. Another promising
opportunity is the introduction of efflu-

ent trading in watersheds. Under an efflu-
ent trading program, a discharger that
can reduce water pollution discharges
below the minimum level required to
meet water quality standards can sell its
excess pollution reductions to other dis-
chargers within the same watershed.
Effluent trading can allow dischargers to
take advantage of economies of scale and
the treatment efficiencies that vary from
discharger to discharger, and it could pro-
vide an economic incentive for discharg-
ers to go beyond minimum pollution
reductions. Trading programs also could
be established for other sources of water
pollution, including non-point sources
(e.g., runoff from farms) and indirect dis-
chargers (companies whose wastewater is
treated by a municipal sewage treatment
plant).

To get the process started, EPA is
developing a framework promoting differ-
ent types of effluent trading and provid-
ing technical analyses of the total amount
of permissible pollution in a watershed.

EPA has estimated potential cost sav-
ings for three types of effluent trading:
$611 million to $5.6 billion for point
source/nonpoint source trading; $8.4 mil-
lion to $1.9 billion for point source/point
source trading; and $658 million to $7.5
billion for trading among indirect dis-
chargers.

Regulatory Efficiency

Many federal agencies are accelerat-
ing efforts to evaluate existing regulations
and create opportunities to attain envi-
ronmental goals at lower economic costs.
For example:
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e The Bureau of Land Management,
in cooperation with the Western Utili-
ty Group and the Forest Service, has
instituted measures to streamline the
receipt and processing of rights-of-way
applications on public lands, includ-
ing processing of applications by tele-
phone and fax.

e At the Department of Energy, the
Building Standards and Guidelines
program has developed a line of prod-
ucts to assist in compliance with the
most commonly used residential ener-
gy building energy code, the Model
Energy Code. These materials give
the home builder a great deal of flexi-
bility in determing how the model
codes are implemented. This allows
home builders to quickly and simply
substitute a more cost-effective design
and still retain code compliance.

Alternative Performance-Based
Strategies. In March 1995, the President
and Vice President proposed a series of
demonstration projects designed to pro-
vide the opportunity to implement alter-
native management strategies for facili-
ties, industrial sectors, communities, and
federal agencies.

Under Project XL, EPA in partnership
with the states will provide a limited
number of responsible companies the
flexibility to replace the requirements of
the current system at specific facilities
with an alternative strategy developed by
the company. The strategy must:

< provide environmental perfor-

mance that is better than full compli-

ance with current laws and regulations;

« be “transparent,” so that citizens
can examine assumptions and track
progress;

< not create worker safety or environ-
mental justice problems;

< be supported by the community
surrounding the facility; and

« be enforceable.

Project XL is a response to the growing
recognition that more flexible approaches
involving pollution prevention can often
provide substantial cost savings and
enhanced environmental quality. In addi-
tion, the project promotes a more cooper-
ative relatonship between regulators, the
facility, and the community.

A dozen companies and state agencies
currently are participating in the pro-
gram. For example, Merck and Company
is pursuing a comprehensive single per-
mit approach to control air pollution at
its Elkton, VA, facility.

Department of Justice enforcement
actions can sometimes also provide
opportunities to foster such efforts. In
some instances, each of several alterna-
tives may be legitimate means for achiev-
ing compliance with legal requirements,
but some of these approaches may pro-
vide more environmental benefit than
others. To encourage the defendant to
secure compliance by a more environ-
mentally beneficial alternative, the Envi-
ronment and Natural Resources Division
will sometimes agree as part of a settle-
ment to allow a longer compliance sched-
ule in return for a defendant’s enforceable
promise to install the more environmen-
tally beneficial compliance option.
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NEW APPROACHES

In the next few decades environmen-
tal protection and resource conservation
efforts are likely to move towards more
holistic approaches, including either
ecosystem-based management or sectoral
strategies.

The ecosystem approach provides a

framework for working with all stakehold-

ers in a region to ensure the conservation
of important ecological values.

As described at greater length in the
chapter on ecosystems, ecosystem-based
approaches present many difficult chal-

lenges. The Interagency Ecosystem Man-

agement Task Force identified several
recurring barriers and opportunities that
federal agencies face in implementing

the ecosystem approach and in participat-

ing in ecosystem partnership efforts initi-
ated by others. For example, existing
practices are generally characterized by
specific missions, stratified organizational
structures, and the subdivision of prob-
lems into narrowly defined tasks. Coordi-
nation among federal agencies is ham-
pered by procedural requirements,
budget structures, data inconsistencies,
traditional agency cultures, and political
alliances. Taken together, these barriers

suggest that developing ecosystem-based
management will be a slow process.

The goal of the ecosystem approach is
to restore and maintain the health of eco-
logical resources together with the com-
munities and economies that they sup-
port. The inclusion of people and their
economic needs is a fundamental part of
the approach. The ecosystem approach
should highlight potential conflicts
between human activity and a sustain-
able environment early enough to resolve
them when there are still options avail-
able, and to prevent them from becom-
ing crises.

For example, the Clinton Administra-
tion established an ecosystem effort in
the Pacific Northwest forests based on
five principles articulated by the Presi-
dent: (1) protecting the long-term sus-
tainability of forests, wildlife, and water-
ways; (2) never forgetting the human and
economic dimensions of the problems;
(3) making efforts that are scientifically
sound, ecologically credible, and legally
responsible; (4) producing a predictable
and sustainable level of timber sales and
non-timber resources that will not
degrade or destroy the environment; and
(5) ensuring that the federal government
works with and for the people.

Reflections on 25 Years

“Why rush to save it all now? You can’t put an ecosystem in a zoo. When it’s gone, it’s
gone, period. We can’t put an ecosystem back together again, at least with any method

we can conceive at the present time.”

Prof. E.O. Wilson, Harvard University
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The Administration’s forest plan repre-
sents an entirely new way of doing busi-
ness. It includes: (1) an ecosystem-based
management plan for 25 million acres of
federal land in the region; (2) an eco-
nomic assistance plan; and (3) a blue-
print for improved agency coordination.
Such a comprehensive approach was
probably the only viable alternative for
breaking the impasse caused by years of
competition and conflict in the region.

Both the forest plan and the Adminis-
tration’s current approach to the ground-
fish crisis in the Northeast include eco-
nomic assistance to those adversely
affected by the new policies.

Habitat Conservation Plans

Initially intended to deal with a single
rare species, Habitat Conservation Plans
(HCPs) increasingly are being broadened
and expanded to include other rare or
declining species and the habitat that
supports them all. State and local govern-
ments are often involved in planning and
implementation. These changes help to
minimize socio-economic effects, to
assure fair treatment for landowners, and
to strengthen partnerships between feder-
al and non-federal entities.

In essence, HCPs are a way to allow
economic use of private lands while con-
serving critical habitat for at-risk species.
They provide more certainty to the
landowner than the traditional processes.
Under the “no surprises” policy of the
Secretary of the Interior and the Secre-
tary of Commerce, landowners who
develop HCPs will not be subject to later
demands for more money or land to con-

serve those species, even if circumstances
change. A “deal is a deal,” and develop-
ment can proceed without the prospect
of additional mitigation requirements for
covered species.

A highly visible and widely publicized
example of a habitat conservation plan is
under way in Orange County, California.
Development pressures in the area are
intense, land values are high, and the
area’s coastal sage scrub vegetation pro-
vides habitat for the endangered Califor-
nia gnatcatcher and many other species.
A significant amount of this land is
owned by the Irvine Corporation, which
has acted as the major partner with the
U.S. Fish and Wildlife Service and the
California Department of Fish and
Game in the development of a regional
land use and conservation plan. This
plan provides for sub-regional planning
by landowners and local governments,
with guidance from an independent state
scientific review panel, and approval by
state and federal agencies.

In the southeastern states, private tim-
ber firms were becoming increasingly
frustrated by harvest limitations resulting
from the need to protect habitat for the
red-cockaded woodpecker. The compa-
nies felt that they often would not know
in advance what the restrictions would
be, and could not take the constraints
into account in their planning. Led by
firms such as the Georgia Pacific Corpo-
ration and International Paper, plans are
being developed to provide much greater
certainty for timber managers regarding
what they can and cannot do, and where.
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Comprehensive Conservation
and Management Plans

A number of programs authorized by
the Clean Water Act—the National Estu-
ary Program, the Great Lakes Program,
and the Chesapeake Bay Program—all
go beyond national pollution control
standards to address a wide array of site-
specific problems and consider popula-
tion and development pressures as well as
pollution.

The National Estuary Program, which
was authorized by the Clean Water Act
Amendments of 1987, identifies national-
ly significant estuaries that are threatened
by pollution, development, or overuse.

The program is managed by EPA but
emphasizes collaboration with other fed-
eral agencies, state agencies, local gov-
ernments, and private citizens. If an estu-
ary is selected for the program, EPA
convenes a management conference that
includes representatives of EPA, state,
federal, and regional agencies, local gov-
ernments, affected industries, education-
al institutions, and the general public.

The group’s main tasks are to identify
and rank an estuary’s major problems and
to create a Comprehensive Conservation
and Management Plan (CCMP) that
would reduce pollution and restore the
estuary. The plan can go beyond Clean
Water Act requirements and can reach
activities, such as land use, that are not
directly regulated under the act.

For example, the CCMP for Galve-
ston Bay, Texas, provides a blueprint for
restoring and maintaining the Galveston
Bay ecosystem. Unlike traditional
resource management, the plan begins

with stakeholder agreement on the prob-
lems and emphasizes an ecosystem
approach to managing Galveston Bay.
The ecosystem approach emphasizes the
interconnectedness of bay processes.
Effective solutions to the bay’s problems
must account for these diverse processes
and operate at a systems level. Similarly,
at the level of bay governance, the plan
emphasizes integrated regional planning
and management.

Sectoral Strategies

Rather than basing environmental
policy on particular environmental
media or chemicals, sectoral policy looks
more broadly at how specific industrial
sectors generate, prevent, and control
pollution. Underlying this approach is
the assumption that similar sectors can
identify common emissions problems
and find common solutions, which can
help regulators fashion improved regula-
tions and streamline permitting.

For example, EPA’s “Common Sense
Initiative” is focusing on looking at all the
rules applicable to air, water, land, and
toxics in six sectors: automobile assembly;
computers and electronics; iron and
steel; metal finishing and plating; petrole-
um refining; and printing. Participants
include trade groups, state and local reg-
ulatory agencies, national and grassroots
environmental groups, and labor and
environmental justice organizations.

The aim of the initiative is to look for
opportunities to give industry the incen-
tives and flexibility to develop innovative
technologies that meet and exceed envi-
ronmental standards while cutting costs,
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and to look for ways to change the per-
mitting system to encourage innovation.
The Clinton Administration will make
regulatory reform and pollution preven-
tion a central focus of CSI.

EPA also is pursuing sector-wide
enforcement agreements. For example,
the Toxic Substances Control Act
requires reporting of specific information
on volumes of toxic chemicals released.
EPA had been pursuing 51 cases involv-
ing more than 200 natural gas processor
facilities for violating this requirement. In
October 1995, EPA concluded an indus-
try-wide settlement. As part of the settle-
ment, the natural gas processing industry
agreed to put in place controls that will
prevent these types of violations in the
future.

This settlement marked the first time
EPA has worked with an industry associa-
tion to develop a national agreement to
successfully resolve multiple violations.

CONCLUSION

Human history provides many exam-
ples of communities and civilizations that
have collapsed after the loss of a natural

resource base. For example, the
Hohokam people of Arizona built a
vibrant agricultural system and watered
the land with an advanced system of
aqueducts, yet the Hohokam disappeared
half a millennium ago because they
watered incorrectly amd poisoned the
land with salt buildup. The name
Hohokam means “those who have gone.”

Today, there are virtually no more
places to go. Competition and conflict
over natural resources must give way to
cooperation, sharing, and maintaining
reasonable and sustained uses of natural
resources.

Ecosystem management, CCMPs,
and sectoral pollution control strategies
all provide useful new ways to resolve
conflicts in constructive ways and to
avoid the kinds of resource crises that
have destroyed so many civilizations in
the past. They recognize the dual goals of
healthy regional economies and healthy
natural settings.

At their best, such mechanisms fulfill
the fundamental goal of sustainable
development: leaving future generations
with an environment and resources at
least as abundant and healthy as we enjoy
today.

Reflections on 25 Years

“The most important challenge facing mankind is exponential population growth.
But I'd put right alongside of it the absence of a guiding environmental ethic. You
could freeze the population at the current level, or reduce it to half of what it is, but
if the culture isn’t guided by an environmental ethic, we’re going to continue to

make the same mistakes.”

Gaylord Nelson (U.S. Senator, Wisconsin, 1963-81)
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CHAPTER THREE

National Environmental
Policy Act

he National Environmental Policy

Act (NEPA) is the foundation of
modern American environmental protec-
tion. While U.S. conservation efforts
began more than one hundred years ago,
and continued throughout the twentieth
century, NEPA focused environmental
concerns within a comprehensive nation-
al policy.

One quarter of a century ago, NEPA
set forth clear goals for agencies to foster
“productive harmony” between “man and
nature,” so as to “fulfill the social, eco-
nomic, and other requirements of present
and future generations of Americans.”
Under NEPA, for the first time, agencies
were required to prepare environmental
analyses—with input from the state and
local governments, Indian tribes, the
interested public and other federal agen-
cies—when considering a proposal for a
major federal action.

With these provisions, NEPA set forth
an inclusive, comprehensive vision for
the environment. NEPA 25 years ago
anticipated today’s calls for enhanced
local involvement and responsibility, sus-
tainable development, and government
accountability.

BACKGROUND!

The birth of NEPA and the Council on
Environmental Quality (CEQ) originated
from the growing public alarm that the
environment was rapidly deteriorating—if
not in crisis—and that few existing laws or
public institutions could reverse the trend.
By 1969, a bipartisan political coalition in
both Congress and the White House
came together to take action to remedy
the situation.

Environmental crises—such as the
drought and dust storms in the 1930s—
had pushed conservation issues into the
forefront at various times in American his-
tory. However, as of 1969, no unified
framework or Presidential-level institution
yet had been developed to integrate natur-
al resources, pollution control, and socio-
economic factors into a national policy.

Beginning in 1959 with Montana Sen-
ator James Murray, various legislative pro-
posals were submitted to create a council
of natural resource advisors, modeled after
the Council of Economic Advisers, in the
Executive Office of the President. In
1967, Washington Senator Henry M.
Jackson, Chairman of the Senate Interior
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and Insular Affairs Committee, and
Michigan Representative John S. Din-
gell, Chairman of the Subcommittee on
Fisheries and Wildlife Conservation of
the House Merchant Marine and Fish-
eries Committee, introduced legislation
to create a Presidential advisory board or
council.

Over the next few years, Congress held
hearings and published reports on the
environment in response to the public
outcry that had mounted over a number
of environmental emergencies through-
out the 1960s. Rachel Carson’s Silent
Spring raised public concerns on the
effects of the pesticide DDT, the Cuya-
hoga River caught fire, smog in Los Ange-
les was severe, the Bureau of Reclama-
tion was proposing to build a dam on the
Colorado River that would flood the
Grand Canyon, and Lake Erie was pro-
claimed dead.

Professor Lynton K. Caldwell of Indi-
ana University, serving as consultant to
Jackson’s Interior Committee, was instru-
mental in shaping NEPA. Historically,
agency missions focused on projects and
public works. With no statutory authority
to do otherwise, agencies had little incen-
tive to consider the environmental conse-
guences of their actions. Caldwell
devised the mechanism of environmental
impact statements (EISs) as a way of
forcing agencies to institutionalize envi-
ronmental analyses into their decision-
making. Following Jackson’s contentious
Committee hearings on the proposal to
dam the Colorado River above the Grand
Canyon’, Jackson included an EIS
requirement—referred to as a “detailed
statement”—in what became NEPA.

“[R]efreshingly brief and of almost
Constitutional tone,”* NEPA provided
that national policy was “to create and
maintain conditions under which man
and nature can exist in productive harmo-
ny, and fulfill the social, economic, and
other requirements of present and future
generations of Americans.” NEPA
amended federal agency charters to
incorporate this policy into each agency’s
statutory mission. The act required all
federal agencies to identify and assess the
potential environmental impacts of their
major proposals, and to identify alterna-
tives to those proposals. The act also
established the Council on Environmen-
tal Quiality.

By 1969, Congress passed Jackson and
Dingell’s NEPA with bipartisan support.
In his floor remarks, Senator Jackson
stated:

What is involved is a congressional dec-
laration that we do not intend, as a gov-
ernment or as a people, to initiate
actions which endanger the continued
existence or the health of mankind: That
we will not intentionally initiate actions
which do irreparable damage to the air,
land and water which support life on
earth.”

In the House, Representative Dingell
said:

[W]e can now move forward to preserve

and enhance our air, aquatic, and terres-

trial environments . . . to carry out the

policies and goals set forth in the bill to

provide each citizen of this great country

a healthful environment.”

In submitting the conference report to
the Senate, Jackson reminded his col-
leagues that “an environmental policy is a
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Box 3.1
NEPA Glossary

Section 102(2)(C) of the National Environmental Policy Act of 1969 requires federal agen-
cies to prepare a “detailed statement” for proposed major actions which significantly affect
the quality of the human environment. The statement must include the environmental
impacts of the proposed action, alternatives to the proposed action, and any adverse envi-
ronmental impacts which cannot be avoided should the proposal be implemented. In 1978
the CEQ issued binding regulations which implement the procedural provisions of NEPA.
The following are key terms:

¢ Environmental Assessment (EA). A concise public document that analyzes
the environmental impacts of a proposed federal action and provides sufficient
evidence to determine the level of significance of the impacts.

¢ Finding of No Significant Impact (FONSI). A public document that briefly pre-
sents the reasons why an action will not have a significant impact on the quality
of the human environment and therefore will not require preparation of an envi-
ronmental impact statement.

« Environmental Impact Statement (EIS). The “detailed statement” required by
Section 102(2)(C) of NEPA which an agency prepares when its proposed action
significantly affects the quality of the human environment.

* Record of Decision (ROD). A public document signed by the agency decision-
maker at the time of a decision. The ROD states the decision, alternatives con-
sidered, the environmentally preferable alternative or alternatives, factors con-
sidered in the agency’s decision, mitigation measures that will be implemented,
and a description of any applicable enforcement and monitoring programs.

* Categorical Exclusion (CATEX). Categories of actions which normally do not
individually or cumulatively have a significant effect on the human environment
and for which, therefore, an EA or an EIS is not required.

« Cumulative Impact. The impact on the environment which results from the incre-
mental impact of the action when added to other past, present, and reasonably
foreseeable actions regardless of what agency, federal or nonfederal, or what per-
son undertakes the action.

policy for people. Its primary concern is Implementation
with man and his future.”® President

Richard Nixon signed NEPA into law on Environmental groups initially pressed

January 1, 1970. CEQ to act as a judge of all federal

NEPA has to date served as a model agency EISs. With approximately 70 fed-

for over 25 states and nearly 90 countries. eral agencies falling under NEPA'’s
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purview, CEQ’s small staff was quickly
faced with the prospect of being over-
whelmed.” Instead, CEQ staff developed
guidelines for agencies to follow in
preparing EISs, placing the responsibility
of complying with NEPA squarely with
the agencies, as Congress had intended.
During the Ford Administration, over the
course of 18 months, CEQ staff began a
study of federal agency EIS preparation.
When the report was completed, it was
made available to newly-elected Presi-
dent Jimmy Carter, who then issued an
executive order requiring CEQ to pro-
mulgate regulations, so as to streamline
the NEPA process. Executive Order
11991 called for the regulations to “make
the environmental impact statement
process more useful to decisionmakers
and the public; and to reduce paperwork
and the accumulation of extraneous
background data, in order to emphasize
the need to focus on real environmental
issues and alternatives.”®

The regulations are binding on all fed-

eral agencies. In the preamble to the reg-
ulations, then-CEQ Chairman Charles
Warren stated that the EIS:

has tended to become an end in itself,
rather than a means to making better
decisions . . . [EISs have] often failed to
establish the link between what is
learned through the NEPA process and
how the information can contribute to
decisions which further national envi-
ronmental policies and goals.g

Accordingly, the new regulations were
“designed to gear means to ends—to
ensure that the action-forcing procedures
of Section 102(2) of NEPA are used by
agencies to fulfill the requirements of the

Congressionally mandated policy set out
in Section 101 of the Act.”** Chairman
Warren insisted that the regulations have
the consensus of agencies and interested
groups, which ensured that the regula-
tions would be supported over the long
term.

The courts also played a critical role
from the beginning in ensuring that
agencies would not ignore NEPA and its
environmental analysis requirements. In
one of the earliest and most influential
cases, Calvert Cliffs v. Atomic Energy
Commission, " Judge Skelly Wright ruled
that the Atomic Energy Commission
(AEC) failed to comply with NEPA even
though it had prepared an EIS. Although
the policy provisions in Section 101 of
NEPA were found to be flexible and
within an agency’s discretion, Section
102’s procedural requirements were not.
Wright called for the AEC to consider
less environmentally damaging alterna-
tives and to analyze potential environ-
mental impacts fully, rather than have
environmental data merely “accompany
an application through the decisionmak-
ing process.

The Supreme Court further clarified
agency responsibilities in stating that
agencies must take a “hard look” at the
environmental consequences of propos-
als before proceeding with them.*? The
“hard look” must satisfy two aims of
NEPA: to provide enough information to
the agency regarding potential environ-
mental impacts to ensure a “fully
informed and well-considered decision,”
and to ensure that the agency will inform
the public that environmental concerns
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have been considered during the deci-
sionmaking process.”

Throughout the 1970s, courts were
split on whether NEPA imposed a duty
on agencies other than the procedural
requirements of Section 102(2), or
whether NEPA was intended to change
agency decisionmaking substantively.™
The Supreme Court addressed this issue
in two cases in 1978 and 1980, finding
that while NEPA set forth “substantive
goals,” NEPA’s mandate to agencies was
“essentially procedural . . . to ensure a
fully informed and well-considered
decision, not necessarily a decision the
judges of the Court of Appeals or of this
Court would have reached had they been
members of the decisionmaking unit of
the agency.”"

Nonetheless, these and subsequent
decisions by the Supreme Court empha-
sized that environmental quality is an
integral part of every agency’s mission
and must be considered when pursuing
other national policy objectives.”® More-
over, courts have found that it is the
process of generating information, dis-
closing that information to the public,
and consulting with the public, Indian
tribes, and interested federal, state and
local agencies during the decisionmaking
process that promotes agency considera-
tion of social, economic and environ-
mental factors. As the Supreme Court
pointed out, “[T]he requirement that
agencies prepare detailed impact state-
ments inevitably bring[s] pressure to bear
on agencies ‘to respond to the needs of
environmental quality.”"’

TRENDS IN NEPA IMPLEMEN-
TATION

Several major trends in NEPA imple-
mentation have become apparent since
the CEQ regulations were issued.*®

First, the overall number of lawsuits
filed under NEPA has generally declined.
In 1974, 189 cases were reported to be
filed. In 1994, 106 NEPA lawsuits were
filed. In general, for the last twelve years,
the number of NEPA lawsuits filed annu-
ally has consistently been just above or
below 100.*

In addition, agencies today prepare
substantially more environmental assess-
ments (EAs) than EISs. However,
because agencies are not required to
report the number of EAs they prepare,
accurate data are not readily available.
Moreover, comparisons between num-
bers of EISs and EAs are not exact. Annu-
al EIS numbers represent draft, revised,
supplemental, and final EIS documents,
rather than representing projects for
which several NEPA documents may be
prepared. In contrast, EAs are usually
only prepared once, and so tend to corre-
spond to actual projects. Nonetheless,
since the CEQ regulations were promul-
gated, all signs point to a significant
increase in EAs and a decrease in EISs.
The annual number of draft, revised,
supplemental, and final EISs prepared
has declined from approximately 2,000 in
1973 to 465 in 1993 and 532 in 1994,
averaging 488 annually between 1990-
1994. By 1993, a CEQ survey of federal
agencies estimated that about 50,000 EAs
were being prepared annually.
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An agency'’s decision to prepare an
EIS is important because an EIS tends to
contain more rigorous analysis and more
public involvement than an EA. The pri-
mary purposes of an EA are to determine
whether there may be a significant
impact from a federal proposal (thus
requiring preparation of an EIS) and to
aid an agency’s compliance with the act
when no EIS is required. On the other
hand, an EIS assesses the potential
impacts of alternatives once an agency
has determined that a proposed action
may have significant impacts. While
some agencies—such as the Department
of Energy, the Department of the Army,
and the U.S. Forest Service—provide for
a public comment period on environ-
mental assessments, many do not.

Another significant trend is that agen-
cies increasingly identify and propose
measures to mitigate adverse impacts
from a proposed action during prepara-
tion of an EA. If an agency finds that
such mitigation will prevent a project
from having significant impacts on the
environment, the agency can then con-
clude the NEPA process by issuing a
finding of no significant impact
(FONSI), rather than preparing an EIS.
Early identification of potential impacts
and measures to mitigate them tends to
save time and money.

A particularly encouraging trend is
that of agencies seeking input from other
agencies and the public earlier in the
planning process, and often well before
scoping. The extent to which an agency
integrates its planning process with
NEPA’s framework will dramatically
improve the approval time, cost and ulti-

mate viability of a proposal. Some agen-
cies have begun to employ systems
designed to foster interdisciplinary and
interagency cooperation before a propos-
al has been fully developed. NEPA has
not generally been used to coordinate
federal activities on an ecosystem-wide
scale, but its procedures to promote col-
laboration are consistent with an ecosys-
tem-based approach. Some agencies,
such as the Tennessee Valley Authority,
use NEPA as a general planning frame-
work for the ecosystem approach through
programmatic EISs, which are designed
to analyze whole programs instead of
individual projects. In some cases, agen-
cies are making use of agreements with
other agencies and states to outline
planning and proposal development
responsibilities, jurisdiction, and dispute
resolution mechanisms.

Finally, once a project is approved,
agencies have not tended to collect long-
term data on the actual environmental
impacts of those projects. Nor do agen-
cies tend to gather data on the effective-
ness of mitigation measures. While
NEPA and the CEQ regulations do not
require mitigation measures be imple-
mented (unlike some state “little NEPA”
laws), the CEQ regulations do require
agencies to adopt a monitoring and
enforcement program with respect to mit-
igation measures in a Record of Deci-
sion, and to make available to the public
the results of that monitoring.” Some
agencies are increasingly using monitor-
ing after project approval to gather data
for future planning, as well as to adapt
project management to new information
or changing conditions. This approach
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has enabled these agencies to increase
their flexibility in implementing pro-
grams over the long term.

International Trends in Environ-
mental Impact Assessments

One of the most important and rapid-
ly-evolving trends internationally is the
application of environmental impact
analysis to policies, plans, and programs.
This approach, called strategic environ-
mental assessment, or SEA, addresses the
environmental considerations and conse-
guences of proposed policy, plan, and
program initiatives before specific pro-
jects have been identified. Variations on
this approach have been widely proposed
and in some cases recently adopted in
Australia, Canada, New Zealand, western
Europe, and Hong Kong.

The purpose of SEA is to integrate
environmental and sustainability factors
in a flexible manner into the mainstream
of policy-making. Although an SEA
scheme should be consistent with the
generally accepted principles of environ-
mental impact analysis, not all countries
have adopted the specific procedures
called for under environmental impact
analysis statutes.

SEA is still at a relatively early, forma-
tive stage. Many practical questions
remain to be answered about effective
procedures, methods and institutional
frameworks. However, employed well,
SEA may serve a number of goals. SEA
may incorporate sustainability considera-
tions by addressing the cause of the envi-
ronmental problems at the policy source,
rather than just treating the final symp-

toms or impacts. SEA may also serve as
an early warning mechanism to identify
cumulative effects by dealing with them
regionally, rather than on a project-by-
project basis. Finally, SEA may serve to
focus and streamline project environ-
mental impact assessments by ensuring
that questions of project need have been
answered and alternatives have had envi-
ronmental scrutiny at the policy or pro-
gram level.

In the years to come, the scope and
form of SEA will depend upon its func-
tion, the policy and institutions that are
in force, and the extent to which other
processes are used for similar purposes.

CEQ Awards

The Council on Environmental Qual-
ity annually recognizes federal agencies
that have integrated NEPA into their rou-
tine decisionmaking processes. The “Fed-
eral Environmental Quality (FEQ)
Award” was established in 1992 in part-
nership with the National Association of
Environmental Professionals (NAEP).
The awards recognize agencies for a par-
ticular NEPA analysis and the best-sus-
tained NEPA program that best meets the
award criteria (Box 3.2).

In 1996, CEQ and the NAEP
announced that the U.S. Army Corps of
Engineers and the Minerals Manage-
ment Service (MMS) had won the FEQ
award for 1995. In 1995, the U.S. Army
Corps of Engineers and the U.S. Depart-
ment of Energy were chosen to receive
the award for the year 1994. The winners
were selected by a committee chaired by
CEQ. Other members of the committee
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10.

11.

Box 3.2
Criteria for Federal Environmental Quality Awards

. The goal of reinventing environmental regulations includes strategies for

innovation, partnering, flexibility and cost reduction. How does the
project/program reflect this goal and provide for these four strategies?

. How does the agency engage in cooperative consultation with other federal,

state, local agencies, and Indian tribes?

. How is the public participation process managed?

. How does the agency ensure editorial excellence, including readablilty and

brevity?

. Does the agency use an interdisciplinary approach to environmental impact

analysis preparation?

. How does the agency ensure scientific integrity of the environmental

analysis?

. How much time elapsed between the project scoping meeting and the

issuance of the final environmental impact statement? For a NEPA program,
what is the average length of time the agency requires to issue a final
environmental impact statement?

. What innovative approaches were used in the environmental impact analysis

for the action? What innovative approaches have been institutionalized by the
agency?

. How does the action Record of Decision reflect the purposes and policies of

the National Environmental Policy Act? How has the agency institutionalized
the environmental values embodied in NEPA?

Has the agency monitored the environmental effects of the action? Does the
agency have a monitoring and mitigation program for the NEPA program?
How does the agency ensure that mitigation detailed in the environmental
impact analysis is honored?

What was the cost of the action’s environmental impact analysis? How did
the action manager control the cost of the environmental impact analysis?
Does the agency have cost control methods in place? What are those
methods?

included the President of NAEP, the non-governmental organization Ameri-
National Governors’ Association, the can Rivers, and the U.S. Environmental
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Protection Agency. The awards were pre-
sented at the NAEP annual conferences.

In 1996, the Corps of Engineers won
the FEQ award for its project, “Houston-
Galveston Navigation Channels—Sup-
plemental Environmental Impact State-
ment.” The project was done in
partnership with the Port of Houston
Authority and the Galveston Wharves.
The project involved dredging over 53
miles of channel and disposing of 350
million cubic yards of dredged material.
The Supplemental EIS team developed
scientific models to assess the potential
environmental effects and employed mit-
igation that was responsive to public con-
cerns. In 1995, the Corps of Engineers
won the FEQ award for its project, “Pro-
grammatic Environmental Impact State-
ment Joint Task Force Six Activities
Along the U.S.-Mexico Border.” The
project was organized in response to the
National Drug Control Strategy, and
provides technical, logistical, operational,
and engineering support to federal, state,
and local law enforcement agencies
throughout the southwestern United
States.

In 1995, the Minerals Management
Service won the FEQ award for the man-
agement program they began in 1973
with the preparation of an EIS to ensure
that oil and gas development near the
Flower Garden Banks Marine Sanctuary
would be compatible with protection of
that resource. The program has been sus-
tained for the last 23 years by supple-
menting the original EIS or preparing
new NEPA analyses. The Department of
Energy won the FEQ award in 1995 for
the year 1994 for the continued improve-

ment of its NEPA Compliance Program.
Secretary Hazel O’Leary has taken bold
steps to reinvent DOE’s NEPA program
and has brought a change of culture and
instilled in senior managers a commit-
ment to openness and public participa-
tion in environmental decisionmaking.

These case studies show that when the
public is involved throughout the NEPA
process, opportunities are created to
resolve conflicts and eliminate delay. The
NEPA process helped forge partnerships
in place of adversarial relationships.

CEQ Oversight and Federal
Agency Implementation

One of CEQ’s more important roles is
in NEPA outreach and training initia-
tives, for both the public and private sec-
tor. As the agency charged with oversee-
ing federal agency implementation of the
procedural provisions of NEPA, CEQ’s
interpretations and perspectives are often
requested. In addition to assisting agen-
cies and the public in making the NEPA
process more efficient and accessible,
CEQ’s participation in training courses
and outreach programs ensure that it
consistently hears about issues and con-
cerns that are critical to those most affect-
ed by the NEPA process.

NEPA Conferences. In October of
1994, CEQ convened a workshop with
all the federal agency NEPA liaisons at
the White House Conference Center.
The purposes of the workshop were to
seek input from the agencies on how well
NEPA was working within their agencies
and to identify ways CEQ could help
make the process more effective and
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efficient. Presentations and small focus
groups focused on using NEPA as a tool
for an ecosystem approach to manage-
ment, methods, tools and techniques
available to increase the effectiveness of
assessing cumulative impacts, and to
address how agencies could ensure they
addressed the environmental justice
concerns reflected in Executive Order
12898.

In 1995, CEQ co-hosted a conference
with the Department of Energy to com-
memorate the 25th anniversary of NEPA.
Its theme, “New Visions, Better Deci-
sions,” reflected Secretary of Energy
Hazel O’Leary’s personal commitment to
ensuring that DOE took a new approach
to the NEPA process which would
streamline management, and improve
the integration of NEPA into decision-
making. In her keynote address, Secre-
tary O’ Leary stressed that NEPA is an

activity that is not set apart from decision-

making; rather, it is an activity to inform
and drive decisions, while facilitating
DOE’s effective engagement of the pub-
lic. She also encouraged initiatives to
improve the timeliness and cost-efficien-
cy of the NEPA process.

Also in 1995, CEQ co-hosted with the
Federal Highway Administration
(FHWA) a 25th anniversary workshop to
explore ways to streamline transportation
planning and decisionmaking, improve
the FHWA NEPA process, and balance
social, economic, and environmental
considerations. FHWA personnel
acknowledged that the department had
become proficient at writing documents,
but also acknowledged they needed to
improve the linkage between NEPA Sec-

tion 101 (the policy) and Section 102
(the analysis and documentation). The
workshop’s goals were to: (1) evaluate the
FHWA's performance over the past 25
years in carrying out its NEPA responsi-
bilities and to refocus FHWA attention
on Section 101 of the Act; (2) create
collaboratively a set of goals and objec-
tives to improve FHWA performance;
and (3) find innovative ways to focus
FHWA's efforts so as to protect environ-
mental resources, preserve communities
and neighborhoods, and integrate social,
economic, and environmental interests
in order to build sustainable transporta-
tion infrastructure.

Consultation and Education. In
1994 and 1995, CEQ worked with pro-
fessional organizations and academic
institutions to provide training and infor-
mation to environmental professionals on
NEPA. CEQ also received input from
them on their experience with the imple-
mentation of NEPA. As it has since 1992,
CEQ joined with Duke University to
sponsor a semi-annual NEPA course
aimed at mid- and senior-level profession-
als at the Nicholas School of the Envi-
ronment. CEQ also participated in envi-
ronmental law and NEPA seminars with
such organizations as the American Law
Institute/American Bar Association and
the Smithsonian Institution. In addition,
CEQ provided faculty for the NEPA
courses offered by such institutions as
UCLA, the Environmental Law Institute,
and the Department of Justice’s Legal
Education Institute.

Environmental Justice. On February
11, 1994, President Clinton issued Exec-
utive Order 12898, directing federal
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agencies to incorporate environmental
justice principles into their day-to-day
operations. The order promotes nondis-
crimination and public participation in
federal programs involving human health
and the environment. The Presidential
Memorandum accompanying the Execu-
tive Order also directed agencies to
include the analysis of environmental
effects on minority and low-income pop-
ulations in the NEPA process where
appropriate, and to improve opportunities
for community input during the NEPA
process. CEQ has developed draft guid-
ance for agencies to incorporate and
address environmental justice concerns
in their NEPA processes. EPA and other
agencies have developed guidances more
specifically tailored to their programs and
activities. For more information, see
Chapter 6, “Environmental Justice.”

NEPA-NHPA Integration. Since late
1995, CEQ has been working with the
Advisory Council on Historic Preserva-
tion to revise their regulations to allow
agencies to meet their obligations under
Section 106 of the National Historic
Preservation Act (NHPA) through the
NEPA process. This initiative is aimed at
streamlining both the NEPA process as
well as the NHPA process, while ensur-
ing the protection of historic resources.
Draft regulations are pending.

Grazing Pilot Project. CEQ and the
U.S. Forest Service have set up a small
team to develop more efficient NEPA
and grazing permitting processes. The U.
S. Forest Service manages 191 million
acres of forest and grassland in 33 states,
much of which is made available to pri-
vate citizens for grazing cattle and sheep.

The Forest Service is required to prepare
environmental impact analyses prior to
making land use planning decisions relat-
ed to grazing.

Nearly 78 million acres of national
forest lands are managed for rangeland
vegetation objectives. Through a forest
plan, each forest manager determines the
quantity of land to be allotted for grazing
for that forest. An individual forest may
contain from zero to several hundred
grazing allotments. Grazing permits may
cover any number of allotments, while
allotments may have more than one per-
mittee. However, many allotments have
only one permittee.

The Forest Service traditionally con-
ducted its NEPA analyses on allotment
decisions. But preparing the NEPA analy-
ses at this level is often both too cumber-
some and not informative enough to the
decisionmaker, who may not receive ade-
quate information about the cumulative
impacts of particular allotment decisions
on the surrounding environment.

In response, CEQ and the Forest Ser-
vice put together a team to develop more
efficient alternatives to the existing sys-
tem. Under the team’s grazing pilot
project, the Forest Service is working on
a landscape-based analytical system to
integrate the environmental analyses for
adjacent allotments, addressing the envi-
ronmental effects in one analysis, rather
than in separate analyses for each individ-
ual allotment.

NEPANet. CEQ established a World
Wide Web site as a tool for giving the
public better access to environmental
information. Within the web site is
NEPANet, which contains the statute,
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CEQ regulations, “40 Most Frequently
Asked Questions Concerning CEQ’s
NEPA Regulations,” Scoping Guidance
Memorandum, and CEQ Guidance on
Incorporating Pollution Prevention.
Additionally, this web site contains the
entire contents of this Annual Report, as
well as the text of the 1993 Annual
Report. NEPANet is linked with an EPA
database which provides a summary of
EISs filed with EPA. A list of NEPA
training courses is also included in the
web site. Finally, NEPANet offers agen-
cies links to environmental databases in
all the 50 states and it offers the public a
link to all agency-specific NEPA data
sets. Access the CEQ web site through
http://www.whitehouse.gov/CEQ.

Cumulative Effects Handbook.
CEQ’s experience suggests that perhaps
the most ecologically devastating envi-
ronmental effects may not result from
individual projects, but the combined
effects of numerous projects, termed
cumulative effects. Continuing degrada-
tion of the human environment—in spite
of the improved federal decisionmaking
resulting from NEPA—may in part be
attributed to these incremental, or cumu-
lative, effects. CEQ has been working on
a handbook to assist practitioners in
identifying appropriate methods to assess
these effects as they plan projects. The
handbook is in final draft form.

Agency NEPA Regulations. Federal
agencies are required by CEQ regula-
tions to adopt procedures based on the
CEQ regulations, and tailored to the reg-
ulatory and program activities of the indi-
vidual agency. Each agency is required to
consult with CEQ while developing or

revising their procedures and before pub-
lishing them in the Federal Register for
public comment. Relying on the experi-
ence of 25 years of NEPA implementa-
tion, CEQ’s recent consultations have
focused on streamlining the NEPA
process. For example, CEQ has worked
with agencies to identify activities that
should be categorically excluded from
the full NEPA process because they do
not normally result in significant environ-
mental impacts. CEQ has also worked
with agencies through its regulatory con-
sultation mechanism to reduce unneces-
sary and redundant paperwork such as
EIS implementation plans, and has
worked to encourage the integration of
reviews under other statutes such as sec-
tion 404 of the Clean Water Act, section
7 of the Endangered Species Act, and
section 106 of the National Historic
Preservation Act.

In 1994 and 1995, the agencies that
consulted with CEQ regarding major
revisions in their NEPA procedures
included the Department of Energy,
Department of Housing and Urban
Development, Food and Drug Adminis-
tration, Tennessee Valley Authority,
Department of the Army, Army Corps of
Engineers, U.S. Forest Service, National
Park Service, and Bureau of Land Man-
agement.

SELECTED NEPA LITIGATION

As in previous years, most NEPA cases
decided during 1994 and 1995 involved
claims that an agency had failed to pre-
pare an EIS when one was required or
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that the analysis that had been prepared
was inadequate under NEPA and the
CEQ regulations. However, some deci-
sions were particularly noteworthy
because they further delineated differ-
ences between federal circuits, reaffirmed
past case law, or raised issues in a new
context. Generally, federal courts contin-
ued to balance agencies’ responsibility to
take a “hard look” at the environmental
impacts of their proposed actions with a
high degree of deference to agencies’
analyses of technical issues. (See Appen-
dix A for an expanded selection of case
summaries and NEPA statistical tables.)

The issue of whether Forest Service
Land and Resource Management Plans
(LRMPs), required under the National
Forest Management Act of 1976, are jus-
ticiable was the subject of sharply differ-
ing court opinions in 1994 and 1995. In
Sierra Club v. Robertson, 28 F.3d 753
(8th Cir. 1994), the appellate court con-
curred with the Forest Service’s charac-
terization of LRMPs as programmatic
statements of general management prac-
tices that do not constitute decisions to
undertake any particular site-specific
activity. Thus, the court found that there
was no injury-in-fact and that the plans
were immune from judicial review aris-
ing as the result of claims under NEPA.
However, in Sierra Club v. Marita, 46
F.3d 606 (7th Cir. 1995), the Seventh
Circuit disagreed, finding that LRMPs
clearly authorized certain projects to be
undertaken, were concrete enough to
meet the Supreme Court’s most recent
standing requirements, and therefore pre-
sent sufficient injury-in-fact and are ripe
for judicial review.

The adequacy of perhaps the most
well-known EIS prepared in the context
of forest planning during this period—
commonly referred to as the President’s
Forest Plan or the Pacific Northwest For-
est Plan—was upheld by Judge Dwyer in
Seattle Audubon Society v. Lyons, 871 F.
Supp. 1291 (W.D. Wash. 1994). This
EIS, prepared for standards and guide-
lines for management of habitat within
the range of the northern spotted owl,
was the first judicial test of the Clinton
Administration’s direction to implement
an interagency ecosystem management
approach within the context of current
environmental statutes. The court reject-
ed arguments that such an approach was
illegal, commended the new-found inter-
agency cooperation, and stated that there
was no way the agencies could comply
with the environmental laws without
planning on an ecosystem basis. The
court went on to uphold the EIS in the
face of a number of NEPA challenges to
agency objectivity, the range of alterna-
tives, sufficiency of the discussion of
cumulative effects, the discussion of
monitoring and mitigation measures,
public involvement, and the economic
effects of the plan. The court warned,
however, that the promised monitoring
was “central to the plan’s validity. If it is
not funded, or not done for any reason,
the plan will have to be reconsidered.”
1d. at 1324.

In Public Citizen v. Kantor, 864 F.
Supp. 208 (D.D.C. 1994), the Court
reaffirmed its earlier decisions to the
effect that trade agreements are not sub-
ject to judicial review under NEPA
because there is no “final agency action”
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to review. This decision, dealing with the
General Agreement on Tariffs and Trade
(GATT), again focused on the President’s
role in the conducting international trade
negotiations and in submitting an agree-
ment to Congress.

The significance of new circum-
stances in requiring additional NEPA
analysis was highlighted in Alaska
Wilderness Recreation & Tourism Ass'n v.
Morrison, 67 F.3d 723 (9th Cir. 1995).
This case involved proposed timber sales
that had been analyzed in an EIS at a
time when two timber companies held
long-term (50 year) timber sales contracts
to operate in the Tongass National Forest.
When one of those contracts was can-
celled by the Forest Service, plaintiffs
sued to require the agency to reconsider
the proposed sales by evaluating addition-
al alternatives in light of the cancellation
of the contract. The Forest Service
argued that it was simply substituting par-
ties and that the environmental effects of

ENDNOTES

the sales had been adequately analyzed.
However, the Court agreed with plain-
tiffs’ argument that cancellation of the
contract presented the Forest Service
with an opportunity to consider a broader
range of alternatives for the affected areas
than the EIS analyzed when the contract
was still in force.

Finally, the issue of whether NEPA
applies to a decision to designate critical
habitat for an endangered or threatened
species under the Endangered Species
Act was first decided by an appellate
court in Douglas County v. Babbitt, 48
F.3d 1495 (9th Cir. 1995). The court
found that it did not. It based its holding
on determinations that ESA procedures
displace NEPA's requirements, that
NEPA does not require an EIS for
actions that preserve the natural physical
environment, and that ESA itself furthers
the goals of NEPA.

' Much of the information in this section appears in Boyd Gibbons, CEQ Revisited: The Role
of the Council on Environmental Quality, Henry M. Jackson Foundation (1995).

’ In contrast, in March 1995, the Bureau of Reclamation completed a highly visible environ-
mental impact statement on the re-operation of the Glen Canyon Dam. The EIS was a major
cooperative effort among twelve state, federal and tribal entities, as well as many other interest-
ed parties. As part of the effort, significant research was conducted in the Grand Canyon below
the dam to evaluate the impacts of various operational alternatives, including researching the
interrelationships among the resources within a watershed.

’ Gibbons, at 5.

* 115 Cong. Rec. 40416 (1969).
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° Id., at 40924. Both Jackson’s and Dingell’s remarks were quoted in the Supreme Court’s
decision in Metropolitian Edison Co. v. People Against Nuclear Energy, 460 U.S. 766, 772-73
(1983).

? Quoted in Gibbons, at 5.

" Asof lune 30, 1971, 1380 draft or final EISs were filed with CEQ. (2nd Annual Environ-
mental Quality Report, August 1971.)
8

3 C.F.R.sec. 123, 42 Fed. Reg. 26967, sec. 2(g) (1977).

’ 43 Fed. Reg. 230 at 55978 (as quoted in eds. Clark and Canter, Environmental Policy and
NEPA; Welles, H., “The CEQ NEPA Effectiveness Study: Learning From Our Past and Shap-
ing Our Future” (expected publication date 1996)).

° 43 Fed Reg. 230 at 55980 (as quoted in Welles (expected pub. 1996)).
" 449 F.2d 1109 (D.C. Cir. 1971).
" Kleppe v. Sierra Club, 427 U.S. 390, 410 n.21 (1976).

. Vermont Yankee Nuclear Power Corp. v. Natural Resources Defense Council, 435 U.S. 519,
553, 558 (1978); Baltimore Gas & Electric Co. v. Natural Resources Defense Council, 462 U.S.
87, 97 (1983).

* Compare National Helium Corp. v. Morton, 455 F.2d 650 (10th Cir. 1971), with Environ-
mental Defense Fund v. Corps of Engineers, 492 F.2d 1123 (5th Cir. 1974).

" Vermont Yankee Nuclear Power Corp. v. Natural Resources Defense Council, 435 U.S. 519,
558 (1978). See also Strycker's Bay Neighborhood Council v. Karlan, 444 U.S. 223 (1980).

° See, e.g., Robertson v. Methow Valley Citizens Council, 109 S.Ct. 1835 (1989).
"' Robertson v. Methow Valley Citizens Council, 109 S.Ct. 1835, 1845 (1989).

. With the twenty-fifth anniversary of NEPA, and in support of the President’s efforts to rein-
vent government and ensure common sense reform, CEQ has been studying how effectively
NEPA has fulfilled its goals over the years.

. 1995 figures will be published in the Twenty-sixth Annual Report.

* 40 C.FR. secs. 1505.2(c) and 1505.3.
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CHAPTER FOUR

Population and
the Environment

t the most fundamental level, human

activity clearly and profoundly affects
the environment. For example, the simple
act of lighting a campfire has environ-
mental implications in terms of resource
use (the wood used to build the fire),
energy (the heat created by the fire), and
waste generation (the emissions of ash and
carbon dioxide and the waste left when
the fire has burned out).

Assessing the environmental impact of
such a simple event entails consideration
of many factors. Was the fire lit in an area
with abundant or scarce wood resources?
How many other people are lighting fires
in the same area? Have some people fig-
ured out a way to burn wood more effi-
ciently, thus reducing the need for the
resource? Do some people have sufficient
resources to burn a fire continuously,
while others can only burn a fire at night?

And what is the collective impact of all
the residents of a particular region, or of
the 263 million Americans, or 5.7 billion
people living on the earth today? If only
one person lights a fire, the impacts in
terms of resource use, emissions, and
wastes, are negligible. If 1 million or 1 bil-
lion people each light a fire, the local and
global impacts are far more significant.

BACKGROUND
Importance of Demographics

Population size, distribution, mobility,
age structure, and rate of growth all affect
the environment. (See Box 4.1.) They
affect what resources are used, where,
when, how, at what rate, and with what
attendant waste or conservation. For
example, an increase in population will
heighten demand for food, energy, water,
health care, sanitation, and housing. Or, if
1 million people live on an island, but 80
percent are concentrated along its fragile
coastline, that is going to have serious
environmental impacts. For another
example, because resources are not evenly
distributed around the globe, some popu-
lations might have abundant coal
deposits, while others may rely primarily
on natural gas or oil—again, with serious
environmental impacts.

Population data and demographics
information thus can be a useful tool for
understanding trends in some environ-
mental problems. In the case of radon, for
example, knowing population size and
rate of change will help in estimating
national or regional exposure rates; and
migration effects can indicate the poten-
tial for increasing radon exposure in cer-
tain geographic regions.

65



Population and the Environment

Box 4.1
Population-Environment Linkages

Population—its size, distribution, and composition—can have a variety of effects on the envi-
ronment. The Population-Environment Connection, a recent report of the Batelle Seattle
Research Center prepared for the Environmental Protection Agency, provides some useful
summaries of these effects.

Municipal Waste

» Even if per capita generation of municipal solid waste remained constant, population
growth would lead to greater waste generation. However, per capita rates have been
steadily increasing, further increasing pressures on the waste management system.

* There is some evidence that urban residents generate more municipal solid waste than
rural residents, at least for some types of products.

* There is some evidence that smaller households generate more waste per person than
large households. Household size has decreased and is likely to stay low in the near
future.

« Construction wastes, which are not included in municipal solid waste, may also be
affected by household size through the demand for new housing.
Drinking Water
 Increasing population size implies increasing demand for drinking water.

* Increasing population size within a watershed also implies greater potential for contam-
ination of surface and groundwater sources.

* Population distribution affects local and regional demand for water and the distribution
of sources of pollution.

* Population growth distributed among areas poorly served by sewer and water systems
may have a greater impact on water quality than population growth in areas that are
better served.

« Population growth concentrated near sensitive areas may also have a disproportion-
ate effect on water quality.
Coastal and Estuarine Areas

« Increasing population size along a coastal or estuarine area implies greater potential
for pollution of water resources.

* Increasing population also implies greater potential for habitat/land use alteration.

« Population growth in upstream areas can adversely affect estuarine and coastal water
quality.

« Population distribution affects the distribution of sources of pollution.

» Population growth near sensitive areas may have a disproportionate effect on water
quality.

» Increasing numbers of elderly may fuel retirement-driven migration to coastal states.

* Changes in household size and composition may augment effects due to population
increases.

* Measures of income distribution may serve to identify greater recreational or second
home buying in the coastal and estuarine zone.

ENVIRONMENTAL QUALITY
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Social Characteristics

Beyond the effects of demographics
on resources—and the effects of available
resources on a population’s choice—a
population’s social characteristics also
affect the environment. These factors
include government policies, equitable
access to capital and technology, and the
efficiency of industrial production.

Government Policies. Federal, state,
and local government policies can play a
significant role in either mitigating or
exacerbating the impact of human activi-
ties on the environment. Much federal
environmental policymaking has pro-
foundly altered the impact of population
growth. For example, as discussed in
Chapter 19, “Transportation,” pollution
caused by the rising number of vehicle-
miles traveled in America has been sub-
stantially offset by reductions in pollu-
tants emitted from new vehicles. On the
other hand, many federal policies have
encouraged the use of automobiles. In
addition, infrastructure planning—trans-
portation, electricity, sewer, and water
systems—~has generally tended to encour-
age growth outside of central cities.

Demographic factors have played a
relatively minor role in government-
backed environmental protection poli-
cies. For example, the U.S. National
Environmental Policy Act (NEPA)
acknowledges the relationship between
population dynamics and environmental
quality, stressing the “profound influ-
ences” of population growth and high-
density urbanization on the natural envi-
ronment. One of the declared duties of
the federal government under NEPA is to
“achieve a balance between population

and resource use which will permit high
standards of living and a wide sharing of
life’s amenities.” As part of the environ-
mental impact statement process, howev-
er, there is no requirement that agencies
assess population growth or other demo-
graphic effects. As a result, NEPA as cur-
rently implemented has not generally led
to an awareness of population-environ-
ment linkages.

Similarly, the Environmental Protec-
tion Agency has traditionally used demo-
graphic information in its analysis of
exposures to environmental risks, but has
less frequently considered the ways in
which demographic factors can be dri-
vers of environmental change. However,
certain offices have begun to explore
ecosystem risks using models in which
population growth, migration, or afflu-
ence are factors affecting sensitive ecosys-
tems.

Income. Environmental problems
tend to change with changes in national
income. The World Bank, in its World
Development Report 1992, describes

Figure 4.1 World Population

Without Safe Water, 1980s
100 -

80 4

100 1,000 10,000 100,000
per capita income (dollars, log scale)

Source: World Bank, World Development Report 1992.
Note: Based on cross-country regression analysis.
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Figure 4.2 World Urban SO,
Concentrations, 1980s
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Source: World Bank, World Development Report 1992.
Note: Based on cross-country regression analysis.

micrograms/cubic meter of air

three patterns of change as national
income increases.
« Some problems, such as the provi-
sion of sanitation and rural electricity
services, tend to decline because of
the increasing availability of resources

to address these problems (Figure 4.1).

« Some problems, including most
forms of air and water pollution, ini-
tially worsen but then improve as
incomes rise (Figure 4.2). This occurs
when countries deliberately introduce
policies to ensure that additional
resources are devoted to solving envi-
ronmental problems.

« Some problems worsen as income
increases. Emissions of carbon and of
nitrogen oxides and municipal wastes
are current examples (Figure 4.3).
The costs of abatement tend to be rel-
atively high, and, in most countries,
individuals and firms have few incen-
tives to cut back on wastes and CO»
emissions.

The report emphasizes that countries
can choose policies that result in much
better (or much worse) environmental
conditions than those in other countries
at similar income levels. What seems
unavoidable, however, is that rising
national and per capita incomes stimu-
late greater personal consumption—
which has a host of implications for
resource use, energy, and waste. It also
raises several difficult and controversial
issues. One concerns equity between the
industrialized and developing countries,
since people in industrialized countries
(such as the United States) consume far
more than those in developing countries
and have contributed disproportionately
to global problems such as the buildup of
carbon dioxide in the atmosphere. Anoth-
er issue concerns the environmental
impact of rising consumption in develop-
ing countries.

Technological Advances. Technologi-
cal changes also can significantly alter
the population-environment linkage. For
example, industrial efficiency improve-

Figure 4.3 World Municipal
Waste Per Capita, 1980s
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ments are offsetting rising consumption
caused by population growth. Wood use
is a case in point. Many sawmills today
produce twice as much usable lumber
and other products per log input as they
did a century ago. In addition, engineer-
ing standards and design improvements
have reduced the volume of wood used
per square foot of building space, and
preservative treatments have substantially
extended the service life of wood. These
efficiency improvements help offset the
rising demand for wood caused by popu-
lation growth.

RECENT TRENDS
Global Population Growth

The scale of population growth in this
century is unprecedented. If you were
born in 1944, the population has more
than doubled in your lifetime—rising
from about 2.4 billion to about 5.6 bil-
lion people. And, before you die, the
world population is likely to grow by an
additional 2.5 billion, for a total of about
8 billion people or more.

Most industrialized countries have
gone through a remarkable demographic
change in this century. Thanks to
improved health care and other factors,
overall death rates, maternal death rates,
and child and infant mortality rates have
fallen dramatically. But birth rates have
fallen as well, dropping close to or even
below the “replacement” level (that is, an
average of two children per family). The
falling birth rates in industrialized coun-
tries are explained by a variety of factors,

including the increasing share of the pop-

ulation living in urban areas, greater edu-
cational and employment opportunities
for women, and greater access to repro-
ductive health care. The result is that
most industrialized countries are not
expected to experience much increase in
population over the next few decades. In
fact, total population in all industrialized
countries is expected to increase from
today’s 1.16 billion only to about 1.24 bil-
lion by the year 2025.

On the other hand, population in
developing countries is expected to con-
tinue increasing at a rate of about 1.8 per-
cent per year through the year 2025, ris-
ing from the 1995 total of about 4.5
billion to about 7 billion. Africa’s popula-
tion is growing at nearly 3 percent annu-

Photo Credit: Steve Delaney
U.S. Environmental Protection Agency
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ally, while Asia’s is growing at about 1.5
percent.

Over the past 30 years, many develop-
ing countries have made progress in pri-
mary health care, education, per capita
income, and greater opportunities for
women. As in industrialized countries,
this has resulted in lower birth and death
rates, increased life expectancy, and
reduced infant mortality. But there is still
a tremendous gap between the developed
and developing worlds. For example,
maternal death rates are 15 to 50 times
higher in the developing world than in
most developed countries.

Growing global populations have
important implications for worldwide
energy consumption, resource use, and
waste. For example, China and India
may depend largely on coal to support
the expansion of their energy sectors.
Such a strategy could substantially
increase total emissions of carbon diox-
ide, the principal “greenhouse” gas; this
in turn could have significant implica-
tions for global climate.

Figure 4.4 U.S. Population
Growth Rate, 1900-1995
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Figure 4.5 U.S. Resident
Population, 1900-2050
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Source: Bureau of the Census, Current Population Re-
ports, Series P-25, No. 311,519,917,1095, and 1127.
Note: Based on census data and projections.

U.S. Population Growth and
Demographics

At the turn of the century, U.S. popu-
lation growth often hit 2 percent annual-
ly and did not dip below 1.5 percent until
1915. The Great Depression years deci-
sively broke this strong growth pattern,
with population growth rates falling to
0.6 percent in 1932 and 1933. Low rates
prevailed until the “baby boom” years
after World War 11 (1946 to 1964). By the
mid-1960s, the rate was falling again; it
began to level off at about 1 percent—an
average annual rate of population growth
retained over the past three decades (Fig-
ure 4.4).

Population projections by the U.S.
Bureau of the Census and other institu-
tions are based on assumptions about fer-
tility, life expectancy, and net immigra-
tion. Most discussions refer to “middle
series” projections, but the Census
Bureau has developed nine other alterna-
tive projections series. The lowest projec-
tion, for example, assumes a 15 percent
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decrease in fertility rates by 2010 for all
four non-Hispanic race groups and the
Hispanic-origin population, a combined
life expectancy of 74.8 years, and an
annual net immigration of 300,000. The
highest projection for that year assumes a
15 percent increase in fertility for these
groups, a life expectancy of 89.4 years,
and annual immigration of 1.37 million
people. Thus, under the low series, popu-
lation grows from the current 263 million
to 282 million by 2050; under the high
series, it increases to 519 million (Figure
4.5).

The rate of population growth is pro-
jected to decrease over the next six
decades, from about 0.9 percent current-
ly to about 0.63 percent by the 2040-50
period, according to the middle series
projection of the U.S. Census Bureau
(-0.18 percent by 2050 in the lowest
series, 1.24 percent in the highest series).

Figure 4.6 U.S. Population
Distribution by Age, 1993-2050
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Source: See Part lIl, Table 3.
Note: Based on census data and projections.

The decrease is largely due to the aging of
the U.S. population and, consequently, an
increase in the annual number of deaths
from 2.3 million per year in 1995 to an
estimated 4 million per year in 2050.

Note that even with this decline in the
population growth rate, the U.S. popula-
tion as a whole is projected to grow sub-
stantially over the next few decades. Even
as fertility declines, demographic
“momentum” (each women is having
fewer children, but many more women
are giving birth) will continue to boost
population totals. If fertility were current-
ly at the replacement level, the U.S. pop-
ulation would still grow because of this
built-in momentum. According to middle
series population projections, the U.S.
resident population should reach 274
million in the year 2000, 298 million in
2010, 347 million in 2030, and 394 mil-
lion by 2050—or fully 50 percent more
than today’s total.

Age Composition. Population aging is
a common feature of most industrialized
countries, including the United States.
And in fact, the future median age struc-
ture of the U.S. population will be older
than it is now. As the baby boom popula-
tion ages, the median age of the popula-
tion will rise from the 1995 total of 34.3,
peaking at a projected 38.7 years of age
in the year 2035. After 2010, when the
baby boom generation begins to reach
65, the United States will experience a
strong surge in the proportion of the pop-
ulation that is 65 and over; the last of the
“baby boomers” will reach age 65 in
2029 (Figure 4.6). Another important
recent trend, which is expected to contin-
ue for several decades, is an increase in
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) males, 79.3 for females) to 82 years (79.7
ACIVIE & CSIEETETS O ks for males, 84.3 for females) in 2050,
Population Change, 1940-1994 under the Census Bureau’s middle series

5 _ projection.
_ Births . .
Al The nation’s changing age structure
has a number of implications for environ-
g 31 _ Net change mental policy. For example, since the
T2l /0 LG elderly are more susceptible to respiratory
and other ailments, an aging population
1 Immigration _ may increase the importance of air quali-
0 ty management. Growing numbers of rel-
1940 1950 1960 1970 1980 1990 atively affluent retirees also may lead to
S el Dl an increase in second home ownership,

some of which may occur in ecologically
the proportion of the population that is sensitive areas.
75 years or older. Migration. Net international migra-
Life expectancy is projected to tion for the United States—that is, the
increase from 76.0 years in 1995 (72.5 for net difference between those emigrating

Figure 4.8 Ten Largest Interstate Migration Streams, 1985-1990
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Source: U.S. Bureau of the Census, “1990 Selected Place of Birth and Migration Statistics for States,”
CPH-L-121 (1993) and Gober, 1993.

72 ENVIRONMENTAL QUALITY



Population and the Environment

from and those immigrating to the coun-
try—was 731,000 in 1995. Net immigra-
tion is projected to remain constant at
820,000 annually over the 1995—2050
period, under the middle series projec-
tion. To put these totals in context, note
that net migration has been averaging
757,000 per year during the 1990s, which
is substantially higher than the average of
634,000 in the 1980s. This increase is
due at least in part to the 1990 Immigra-
tion Act, which reduced the limiting
effect of quotas on family reunifications
(Figure 4.7).

Mobility. Americans are a nation of
movers. Over the last 40 to 50 years,
about one out of every five people
changed residence every year. This figure
has declined slightly in recent years,
dropping from 20 percent to 17 percent.
The average American currently makes
11.7 moves during a lifetime. About 42
million Americans moved between
March 1992 and March 1993. About two
thirds of these moves were “local” moves
within the same county. Recent data
show that Westerners are 80 percent
more likely than Northeasterners to
change their residence in any given year
(Figure 4.8).

For the past several decades, the
Northeast and Midwest have been losing
population to the South and West. This
shift was tied to faster job growth in the
South and West in recent decades and
the loss of manufacturing jobs in the
Northeast and Midwest. The Midwest,
however, rebounded somewhat in the
late 1980s. Currently, the South is the
nation’s most populous region, with 91
million inhabitants, or about 3.7 times

what it was in 1900. The population of
the West has doubled since 1960, and 8
of the country’s 10 fastest growing states
are in the West. Additionally, the West
has the lowest median age (32.7 years),
while the Northeast has the highest (35.3
years) (Figure 4.9).

Coastal areas account for more than
half of the nation’s population and have
grown faster than the interior since 1960.
In the Pacific and Gulf of Mexico coastal
regions, population per square mile near-
ly doubled between 1960 and 1994 (Fig-
ure 4.10). The National Oceanic and
Atmospheric Administration notes that
between 1970 and 1989, almost half of
all building construction occurred in
coastal regions, even though they repre-
sent only 11 percent of the nation’s total
land area. Over the next few decades, a
significant amount of growth also is
expected to occur in inland areas 20—70
miles from coastal areas.

Figure 4.9 U.S. Population by
Region, 1900-1994
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Source: See Part lIl, Table 5.
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Figure 4.10 U.S. Coastal Population Density, 1960-1994
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Urbanization. Like other industrial-

ized countries, the proportion of the U.S.

population living in urban areas has
increased significantly in this century.
Today, about three out of every four
Americans lives in an urban area; during
the 1980s, about 90 percent of U.S. pop-
ulation growth occurred in such areas.
The nation now includes 39 metropoli-
tan areas with more than 1 million peo-
ple; all told, these account for fully half
of the total U.S. population.
Urbanization is concentrated in the
South and West and is dominated by
Florida, which has 9 of the 11 fastest
growing cities in the nation. Urban
growth is spreading outward to suburban
and “exurban” areas—these latter lie
beyond the suburbs but are still within
commuting distance. It is estimated that
one-third of the nation’s population
growth between 1960 and 1985 took

place in exurban counties. A variety of
factors have contributed to this trend,
including federal policies that stimulate
development and home ownership; the
desire to escape the negative aspects of
urban life; the desire for space and access
to environmental resources; and new
developments in transportation, commu-
nications, and employment.

Urbanization and the redistribution of
population can have a wide variety of
environmental impacts, affecting the
demand for energy to heat and cool
homes, the demand placed on specific
aquifers, the pace of land development,
the number of vehicle-miles traveled per
day, and the conversion of farmland and
wetland habitats.
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Trends in U.S. Consumption

According to World Resources 1994—
95, the United States in 1989 consumed
a total of about 4.5 billion metric tons of
natural resources, or about 18 metric tons
per person. Construction material (stone,
sand, and gravel) accounted for 1.8 bil-
lion metric tons, energy fuel for 1.7 bil-
lion metric tons, food for 317 million
metric tons, and industrial minerals for
317 million metric tons.

Historical consumption trends for
some of those materials are shown in Fig-
ure 4.11. Among the notable trends are
the following:

e Primary metal consumption has
declined because of increased recy-
cling and production from scrap.

< Nonfuel organic material con-
sumption is rising because of
increased use of plastic, synthetic fiber
in carpets and textiles, synthetic rub-
ber, and petrochemical products.

e There has been a growing use of
more highly engineered and generally
lighter material, packaging material,
and paper. As a result, per capita con-
sumption of forestry products, metal,
and plastic measured by weight has
been declining over the past 20 years,

Figure 4.11 U.S. Consumption of Raw Materials, 1900-1991
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but per capita consumption measured
by volume has been expanding slowly.

The top two income groups in the
United States, representing 40 percent of
the population, consume more than half
of all resources, including utilities (51
percent), food (57 percent), housing (62
percent), transportation (62 percent), and
clothing (64 percent). Spending on hous-
ing and transportation are significant
across all income groups, varying from 23
to 25 percent for housing and between 16
and 19 percent for transportation.

Not surprisingly, the per capita gener-
ation of municipal solid waste also has
risen steadily, especially in the nonfood
categories of paper products and plastics.
Aside from population growth, other fac-
tors contribute to this, including socioe-

Photo Credit: Steve Delaney
U.S. Environmental Protection Agency

conomic status, household size, demands
for convenience, and degree of urbaniza-
tion. Note, however, that the amount of
solid waste deposited in landfills has been
substantially offset by recycling programs.
(See Chapter 20, “Solid Waste.”)

The Global Dimension

As a group, Americans consume far
more per person than people in develop-
ing countries, so the environmental
impact of the average American is sub-
stantially greater than the impact of the
average person in a developing country.

Resource consumption in the United
States has an important global dimen-
sion. For example, primarily as a result of
fossil fuel consumption and resulting car-
bon dioxide emissions, the United States
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Figure 4.12 World CO2
Emissions, 1950-1992
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is the world’s leading producer of green-
house gas emissions.
Private utilities account for about 40

percent of U.S. carbon dioxide emissions.

Other significant contributions are made
by petroleum refining, wholesale and

retail trade, new construction, transporta-

tion, and coal mining. The fact that car-

bon dioxide emissions are spread across
so many sectors of the economy suggests
that significant changes in U.S. emissions
could require complex policy adjust-
ments (Figure 4.12).

In the area of energy use, the United
States made great strides in energy effi-
ciency in the last few decades even as its
population continued to grow. Yet, with
just 5 percent of the world’s population,
the United States still accounts for
approximately 25 percent of global ener-
gy use on an annual basis (Figure 4.13).
According to the report of the President’s
Council on Sustainable Development,
U.S. energy use per unit of gross domes-
tic product is about 36 percent greater
than in Germany and 79 percent greater
than in Japan. Use of petroleum feed-
stocks is seven times the global per capita
average. U.S. oil consumption, at 19.9
million barrels per day in 1994, is nearly
as great as the 23.8 million barrels per
day collectively consumed by the remain-
ing 24 members of the Organisation for
Economic Co-operation and Develop-
ment in Europe and Japan.

Clearly, there is a great opportunity for
further improvements in energy efficien-
cy in the United States; this challenge
will become more evident and pressing as
the U.S. population grows in the next
century.

FUTURE CHALLENGES

What does a rise in population por-
tend for resource use and the state of the
environment? Clearly, population growth
and rising per capita consumption will
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The Cairo Action Plan

In 1994, the United States took part in forgoing an extraordinary consensus around the goals of
human rights and health, equality and environmental protection, economic and social justice. The
International Conference on Population and Development in Cairo embraced a comprehensive
approach, recognizing that family planning and development each play a role in slowing popu-
lation growth, but they work best when pursued together. The strategies for stabilizing popula-
tion— quality health care, education, and opportunity— enhance the ability of individuals and soci-
eties to meet their needs and the needs of future generations.

As the first aspect of a comprehensive approach, Cairo participants committed their nations to
high quality, voluntary family planning and reproductive health programs, with the aim of mak-
ing them universally available early in the next century. A new sense of urgency emerged in sup-
port of making every effort to enable couples and individuals to fulfill the basic right to decide
freely and responsibly the number and spacing of their children, and to have the information, edu-
cation, and means to do so.

To complement, reinforce, and promote health, the Cairo conference agreed to make econom-
ic and environmental progress the second component of the effort. The integrated strategy would
promote free trade, private investmen, and development assistance, and recognize the close rela-
tionships between population, sustained economic growth, and environmental integrity.

The Cairo Plan of Action underscores the importance of women's equal participation in the strug-
gle to create a better future. Recognizing women's value to development, and empowering them
to contribute their wisdom and talents to society, constitute the third component of the plan.

A fourth element is investing in education for all people, including women, because inadequate
education is a powerful determinant of high fertility. A fifth aspect is ensuring that men fulfill their
responsibilities, including preventing unintended pregnancies, helping to raise children, and stem-
ming the spread of HIV/AIDS and sexually transmitted disease.

This comprehensive and integrated approach represents a powerful step to alleviate poverty, sta-
bilize global population and promote sustainable development. The world took a major step for-
ward at Cairo.

put more pressure on the environment.

As

argues that over the next 30 to 50 years

noted earlier, the United States now the industrialized countries “must work

consumes more than 4.5 billion metric
tons of materials annually to produce the
goods and services that make up its
unparalleled economic activity. Based on
current trends, efficiency in the use of all
resources would have to increase by more
than 50 percent over the next four or five
decades just to keep pace with population
growth.

The international Factor 10 Club,
which consists of 16 distinguished scien-
tists and economists from 10 countries,

toward cutting in half present global non-
renewable material flows, including min-
erals, freshwater, and nonrenewable ener-
gy carriers. To achieve this, it is our view
that a political commitment to a tenfold
increase in the average resource produc-
tivity of the presently industrialized coun-
tries is a prerequisite for meeting the goal
of long-term global sustainability.” This
conclusion was noted in the February
1996 communique of the OECD ministe-
rial-level environmental policy committee.
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Yet there are some grounds for opti-
mism. In the area of solid waste, for
example, recycling and reuse is now pro-
jected to absorb most additional waste in
the next few years, so that net generation
of waste (after recycling) is projected to
go down slightly in this decade. This is a
remarkable achievement, because it is
built on innumerable local initiatives and
on the willingness of many Americans to
support community recycling programs.
Because population growth and econom-
ic growth will continue to boost waste
generation from 2000 to 2010, recovery
rates will have to rise to 40 percent or
more to absorb this growth. (See Chapter
20, “Solid Waste.”)

According to the PCSD report,

continued population growth steadily

makes more difficult the job of mitigat-

ing the environmental impact of Ameri-

can resource use and waste production
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CHAPTER FIVE

Environmental Aspects
of Human Health

Environmental factors play a funda-
mental role in human health and dis-
ease. From polluted air and water to toxic
substances in soil and food, environmen-
tal pollutants can pose both direct and
indirect threats to human health. Their
impact on health is often complex and
may be influenced by a variety of factors,
including exposure patterns, genetic
makeup, nutritional habits, and psycho-
logical well-being. Correlations between
an environmental hazard and an adverse
health effect may not, standing alone,
establish that the former is the cause of
the latter. Nevertheless, reducing expo-
sures to environmental hazards, where
causal links are established or likely, is an
important component in protecting pub-
lic health.

Over the past 25 years, federal, state,
and local government efforts to ensure
safe supplies of food and water, to manage
sewage and municipal waste, and to
improve air quality have contributed sub-
stantially to human health improvements
in the United States. The past 25 years
also have seen an improvement in the dis-
semination of information about health
risks from environmental degradation.
Two primary challenges today are to con-
tinue making progress in reducing envi-
ronmental risks, and to improve the exist-

ing regulatory system in order to achieve
the greatest public health protection at
the lowest cost. A further and related chal-
lenge is to improve scientific understand-
ing about the links between environment
and health, so that policy decisions can be
made with the best information available.

Major new legislation, including the
Safe Drinking Water Act Amendments of
1996 and the Food Quality Protection Act
of 1996, will improve and streamline the
regulatory process while keeping health
concerns paramount. New regulations to
protect air quality have shown that health
standards can be met without sacrificing
economic growth and that the health and
economic benefits of reducing emissions
can be substantial.

The Clinton Administration has been
working toward greater transparency in
how it evaluates health risks and formu-
lates policy. The reevaluation of dioxin
and its effects, for example, was a novel
approach in how risk assessments are con-
ducted—incorporating both scientific
expertise and broad public input into the
process. The Administration has also been
actively involved in working toward a
greater understanding of the health risks
from emerging threats such as endocrine
disruptors and global climate change.
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This chapter highlights some of these
efforts and provides an overview of envi-
ronmental health hazards, particularly
the contamination of drinking water, air,
and food. Even so, it only touches on a
few environmental risks to human

health. Other risks, such as those associat-

ed with occupational hazards, accidents,
noise, behavioral or lifestyle choices, and
infectious diseases, are also important.

DRINKING WATER QUALITY
Current Trends

EPA and the states are responsible for
regulating approximately 200,000 public
water systems, including 58,000 commu-

nity water systems that serve over 240 mil-

lion people. The concentration of conta-
minants in drinking water supplies from
these systems is controlled by standards
established to minimize risk to human
health. Contaminants found in drinking

water can cause myriad health effects,
ranging from stomach upset and diarrhea
(as with Cryptosporidium or Giardia) to
chronic health effects such as liver and
kidney damage, neurological disorders,
and cancer (i.e., from heavy metals and
pesticides). When violations of health-
based standards occur, water systems are
required to take action to remove the
contaminants from the drinking water
supply and notify the public about the
violation.

In 1994, more than 80 percent of
community water systems serving 240
million people reported no violations of
health-based standards. However, over 40
million people received their drinking
water from a community water system
that did report a violation of health-based
standards. The majority of these viola-
tions involved microbiological contami-
nants: either surface water treatment vio-
lations (9 percent) or fecal coliform
violations (8 percent) (Figure 5.1).

Figure 5.1 Population Served by Community Drinking
Water Systems Violating Health-Based Requirements, 1994
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Source: U.S. Environmental Protection Agency, Safe Drinking Water Information System, 1994.
Notes: As many as one-fourth of the water systems did not complete required monitoring; compliance
status of some of these could not be assessed. 243 million people are served by community systems.

82 ENVIRONMENTAL QUALITY




Environmental Aspects of Human Health

Figure 5.2 Population Served by Drinking Water Systems
Exceeding Lead Action Levels, 1995

50

N w B
o o o
| | |

population (millions)

=
o
|

15-30

Source: U.S. Environmental Protection Agency, Safe Drinking Water Information System, 1995.
Note: Data are the results ot lead testing in high-risk households. A water system is found to exceed
the action level if more than 10 percent of its high-risk households contain lead levels above 15 ppb.

s BB 2

31-60
lead action level exceedance (ppb)

81-130 >130

About 69 million people are served by
drinking water systems that have started
to institute mitigation measures (such as
corrosion control treatment) to reduce
potential lead contamination at con-
sumers’ taps. These systems are required
to act because initial monitoring,
required under EPA’s lead and copper
rule, at high risk consumer taps found
lead levels that exceeded the regulatory
action level for lead (Figure 5.2).
Although exposure to lead can come
from many other sources (e.g., from
paint, from contaminated soil, and
though the air), lead in drinking water
remains a significant risk to the public
and a large problem for water systems.

In addition to improved regulations,
technological innovation can reduce the

amount of wastewater generated by
developing new water conservation tech-
nologies and cleaner industrial technolo-
gies. For example, the Department of
Energy is supporting research to improve
the efficiency of water pipe galvanization.
New “hot-dipped” galvanized water pipes
emit four orders of magnitude less lead
than the conventional technology, which
leaves lead on the finished product.

Regulatory Background

The Clean Water Act of 1972 estab-
lished a body of law and regulations
backed by federal financial support to
ensure that the nation’s surface waters are
safe for fishing and swimming and as
sources of drinking water. In 1974, Con-
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gress enacted the Safe Drinking Water
Act, further developing a legislative basis
to protect water quality. The Safe Drink-
ing Water Act is intended to ensure that
every public water system consistently
provides water that is safe to drink. The
act, which was substantially amended in
1986, required EPA to establish national
drinking water safety standards that incor-
porate enforceable maximum contami-
nant levels or treatment techniques,
underground injection control regula-
tions to protect underground sources of
drinking water, and grant programs for
the administration of state wellhead pro-
tection area programs. The states were to
be delegated responsibility to ensure that
safety standards were met.

Despite the progress made in improv-
ing drinking water guality in the United
States, both natural processes and human
activities continue to exert pressures on
drinking water quality. For instance, pop-
ulation growth, newly identified and
emerging microorganisms, changes in
chemical usage, and outdated and deteri-
orating water systems present significant
challenges to the long-term safety of the
nation’s drinking water supplies. These
trends are further exacerbated by shrink-
ing budgets and resources at all levels of
government. In 1995, EPA’s Science
Advisory Board (SAB) released a report,
Safe Drinking Water: Future Trends and
Challenges, which identified significant
trends affecting the nation’s drinking
water, including population growth
impacts, public demand for better water,
a changing contaminant profile, and
changes in drinking water production
and treatment. The report recommended

improved management of water
resources, consolidation of smaller sys-
tems, accelerated research in risk assess-
ment methodologies, and establishment
of an alert system for emerging
pathogens.

Also in 1995, EPA Administrator Carol
Browner launched a reassessment of
EPA’s drinking water program and
released EPA’s “white paper,” Strengthen-
ing the Safety of Our Drinking Water: A
Report on Progress and Challenges and
an Agenda for Action. The white paper
provided an overview of drinking water
safety in the United States and identified
five agenda items for improving drinking
water protection;

» provide Americans with more infor-
mation about the nation’s drinking
water;

« focus standards on the most serious
health risks;

= provide technical assistance to pro-
tect source water and help small sys-
tems;

= reinvent federal/state partnerships
to improve drinking water safety; and

e invest in community drinking water
facilities to protect human health.

The white paper estimated that sub-
stantial health benefits could be achieved
if existing standards were fully attained,
including reduced exposure to lead for
an estimated 50 million people (with pro-
tection for 200,000 children against
unacceptable blood lead levels); preven-
tion of more than 100,000 cases annually
of gastrointestinal and other illnesses
attributed to microorganisms; reduced
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exposure for millions of people to dozens
of contaminants that may cause illness,
including compromised reproductive
capabilities, malfunction of vital organs,
“blue baby” syndrome, and nervous sys-
tem damage; and over 100 excess cancer
cases avoided per year.

The Safe Drinking Water Act
Amendments of 1996

On August 6, President Clinton
signed the Safe Drinking Water Act
(SDWA) amendments of 1996. The new
law will help achieve many of the goals
outlined in both the SAB and the EPA
reports. It will: (1) establish a strong new
emphasis on preventing contamination
problems through source water protec-

tion and enhanced water system manage-

ment; (2) move greater responsibility to
the states and expand their role in creat-
ing and focusing prevention programs
and helping water systems improve oper-
ations and avoid contamination prob-
lems; and (3) set up a state revolving
fund (SRF) system to provide money to
communities to improve their drinking
water facilities.

The SRF is authorized at $1 billion
for each of fiscal years 1995 to 2003. The
states may use set-asides from the SRF to
pay for programs such as source water
assessments; voluntary source water qual-
ity protection partnerships with public
water systems, local governments, and
private companies; and capacity develop-
ment and implementation efforts. States
also will have more flexibility in estab-
lishing water quality monitoring require-
ments.

The 1996 amendments recognize the
importance of community right-to-know
about potential threats to drinking water
quality. Within 2 years of enactment, the
law requires EPA to issue regulations
requiring all community water systems to
prepare at least annually a report with
information about the system’s source
water and the level of contaminants in
the drinking water supply. In addition,
public water systems must give notice of
any violation of a national drinking water
standard “that has the potential to have
serious adverse effects on human health
as a result of short-term exposure” within
24 hours after the violation.

The new law repeals the current
requirement that EPA promulgate stan-
dards for 25 additional contaminants
every 3 years. These requirements, insti-
tuted by Congress as part of the 1986
SDWA amendments, have diverted
resources from science-based priorities,
and have been impossible to meet within
the mandated time frames. Efforts to
meet all of the statute’s remaining stan-
dard-setting requirements had detracted
from the development of soundly ana-
lyzed, well-supported standards for the
highest-risk drinking water contaminants,
such as microbes. Under the 1996
amendments, the agency’s decisions
about new standards are informed by a
cost-benefit analysis.

Other provisions of the 1996 amend-
ments include the establishment of a pri-
ority list of unregulated contaminants and
require that EPA promulgate rules on
arsenic, enhanced surface water treatment
incorporating standards for Cryptosporidi-
um, and a new multimedia approach to
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reducing risks from radon. EPA is also
directed to conduct research on sensitive
subpopulations that may experience
greater adverse health effects from drink-
ing water contaminants than the general
population (see also Chapter 6, “Environ-
mental Justice”).

Other Programs

In addition to the 1996 SDWA
amendments, many other programs are
under way to address drinking water qual-
ity. In 1993, the Surface Water Treatment
Rule (SWTR) went into effect. The
SWTR requires water systems using sur-
face water sources to install filters for
microbiological contaminants that cause
disease, such as Giardia lamblia,
Legionella, and viruses. Compliance with
the rule will dramatically reduce the
probability of human exposure to harm-
ful levels of microbiological contami-
nants from surface water sources.

To protect sources of drinking water
even before water is withdrawn by a
drinking water supplier, EPA has estab-
lished the Source Water Protection and
Wellhead Protection Programs under the
SDWA. The Source Water Protection
Program emphasizes preventing contami-
nation of drinking water resources and
includes wellhead protection and “sole
source aquifer” designations. The Well-
head Protection Program protects sup-
plies of groundwater that will provide
drinking water in the future from conta-
mination by chemicals and other haz-
ards, including pesticides, nutrients, and
other agricultural chemicals. The pro-
gram is based on the concept that local

or state governments that adopt land use
plans and other preventive measures can
protect groundwater. Currently, 39 states
have an EPA-approved wellhead protec-

tion program.

The Comprehensive State Ground
Water Protection Program (CSGWPP),
established by EPA in 1991, coordinates
all federal, state, and tribal and local pro-
grams that address groundwater quality.
States have the primary role in designing
and implementing CSGWPPs in accor-
dance with local needs and conditions.
EPA has approved programs in 6 states,
and plans from an additional 13 states are
under review.

The Administration is also working to
develop a comprehensive approach to
water resource management to address
the myriad water quality problems that
exist today from nonpoint and point
sources as well as from habitat degrada-
tion. The Watershed Protection
Approach is a management approach for
more effectively protecting and restoring
aquatic ecosystems and protecting
human health. The watershed protection
approach recognizes that water quality
management must embrace human and
ecosystem health and that managing for
one without considering the other can be
detrimental to both. It has four major fea-
tures: targeting priority problems, stake-
holder involvement, integrated solutions,
and measuring success. The watershed
protection approach is not a new pro-
gram that competes with or replaces
existing water quality programs; rather, it
is a framework within which ongoing
programs can be integrated effectively.
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AIR QUALITY
Ambient Air Quality

Over the past three or four decades,
there have been important advances in
the understanding of how air pollutants
affect human health. Air pollutants may
cause lung cell damage, inflammation,

acute changes in lung function and respi-

ratory symptoms, as well as more long-

term lung cell changes. Acute and chron-

ic exposure to air pollutants is also
associated with increased mortality and
morbidity. Yet much remains to be
understood, including, for instance, the
role of air pollution in observed increases
in asthma cases and deaths from lung dis-
ease. Table 5.1 summarizes the major
health effects of the six pollutants moni-
tored by EPA.

In 1963, the United States took the
first step toward healthier air by passing
the Clean Air Act. Amended in 1970 and
again in 1990, the Clean Air Act requires
EPA to set National Ambient Air Quality
Standards (NAAQS) for pollutants con-
sidered harmful to public health and the
environment and to ensure that these air
quality standards are met through strate-
gies to control air emissions from sources
such as automobiles, power plants, and
factories. As a result of these measures, air
quality in the United States improved sig-
nificantly (see Chapter 10, “Air Quality”).

Despite these improvements, in 1994
approximately 62 million people still
lived in counties where air quality levels
exceeded the national air quality stan-
dards for at least one of the six principal
pollutants. Ozone is the most commonly
violated NAAQS, affecting 50 million

people in 1994. According to the current
ozone standards established by EPA,
ozone levels exceeding 0.12 parts per mil-
lion can be detrimental to public health.
During the high smog season extending
from June to early September, those lev-
els are regularly exceeded in major cities
across the United States, including New
York and Los Angeles. Scientific evi-
dence indicates that ozone affects not
only people with impaired respiratory sys-
tems, such as asthmatics, but also healthy
adults and children. Even exposures to
relatively low concentrations of ozone
have been found to temporarily reduce
lung function and induce respiratory
inflammation in normal, healthy people,
especially during exercise. EPA is cur-
rently reviewing the NAAQS and has
agreed to complete its review and issue
revised standards by June 28, 1997. EPA
may propose more stringent ambient air
quality standards for ozone if the data
support those changes.

In addition, more than 13 million peo-
ple live in counties where the current
EPA standard for particulate levels is
exceeded. On the basis of studies of
human populations exposed to high con-
centrations of particulates and laboratory
studies of animals and humans, it has
been determined that particulates pose
major concerns for human health. These
include effects on breathing and respira-
tory symptoms, aggravation of existing
respiratory and cardiovascular disease,
alterations in the body’s defense systems
against foreign materials, damage to lung
tissue, carcinogenesis, and premature
death. Two recent epidemiological stud-
ies (Douglas Dockery, et.al., and C.
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Table 5.1
Air Pollutants and their Impacts on Health

Carbon Monoxide

Sources: Carbon monoxide is a colorless, odorless, poisonous gas formed when carbon in fuels is
not burned completely. It is a byproduct of motor vehicle exhaust, which contributes more than two-
thirds of all CO emissions nationwide.

NAAQS: 9 ppm (measured over 8 hours)

Health Effects: Carbon monoxide enters the bloodstream and reduces oxygen delivery to the body’s
organs and tissues. Exposure to elevated CO levels is associated with visual impairment, reduced
work capacity, reduced manual dexterity, poor learning ability, and difficulty in performing complex
tasks.

Lead
Sources: Smelters and battery plants are the major sources of lead in air. Indoors, lead can be found
in old buildings from paint on walls.
NAAQS: 1.5 ug/m3 (measured as a quarterly average)

Health Effects: Lead accumulates in the body in blood, bone and soft tissue. Because it is not readily
excreted, lead can also affect the kidneys, liver, nervous system, and other organs. Excessive expo-
sure to lead may cause anemia, kidney disease, reproductive disorders, and neurological impair-
ments such as seizures, mental retardation, and/or behavorial disorders.

Nitrogen Dioxide
Sources: Nitrogen oxides form when fuel is burned at high temperatures, and come principally from
motor vehicle exhaust and stationary sources such as electric utilities and industrial boilers.
NAAQS: 0.053 ppm (measured as an annual average)

Health Effects: Nitrogen dioxide can irritate the lungs and lower resistence to respiratory infections
such as influenza. The effect of short-term exposure are still unclear, but continued or frequent expo-
sure to concentrations that are typically much higher than those normally found in the ambient air
may cause increased incidence of acute respiratory iliness in children.

Ozone

Sources: Unlike other pollutants, ozone is not emitted directly into the air but is created by sunlight
acting on NOx and VOC emissions in the air. There are literally thousands of sources of these gases,
from gasoline vapors to chemical solvents.

NAAQS: 0.12 ppm (measured at the highest hour during the day)
Health Effects: Exposure to ozone significantly reduces lung function and induces respiratory inflam-

mation in normal, healthly people during periods of moderate exercise. It can be accompanied by
symptoms such as chest pain, coughing, nausea, and pulmonary congestion.

Sulfur Dioxide (SO2)
Sources: Formed when fuel containing sulfur (mainly coal and oil) is burned, and during metal smelt-
ing and other industrial processes.
NAAQS: 0.03 ppm (annual average) .14 ppm (over 24 hours)

Health Effects: SO2 can affect breathing, respiratory iliness, alterations in pulmonary defenses, and
aggravation of existing cardiovascular disease.

Particulate Matter (PM-10) (PM-10 refers to particles with a diameter of 10 micrometers or less)
Sources: Particulate matter is the term for solid or lliquid particles found in the air. Particles originate
from a variety of mobile, stationary, and natural sources (diesel trucks, wood stoves, power plants,
dust, etc.), and their chemical and physical compositions vary widely.

NAAQS: 50 ug/m3 (annual average) 150 ug/m3 (daily average)

Health Effects: Major concerns for human health from exposures to PM-10 are: effects on breathing
and respiratory systems, damage to lung tissue, cancer, and premature death. The elderly, children,
and people with chronic lung disease, influenza, or asthma tend to be especially sensitive to particu-
late matter.

Source: U.S. Environmental Protection Agency (EPA), Air Quality Trends (EPA, Office of Air Quality, Planning & Stan-
dards, Research Triangle Park, N.C., September 1995)

88

ENVIRONMENTAL QUALITY




Environmental Aspects of Human Health

Arden Pope lll, et. al.) have linked partic-
ulate pollution to excess morbidity and
mortality in U.S. cities, providing striking
evidence of the impact of energy-related
transportation and industrial emissions
upon human health and longevity.

As with ozone, EPA is considering the
revision of its particulate standards.
Ambient air standards for total suspended
particulate matter were first set in 1971.
Since 1987, however, EPA has used the
indicator PM-10, which includes only
those particles with aerodynamic diame-
ter of 10 micrometers or less. These
smaller particles are likely responsible for
most of the adverse health effects of par-
ticulate matter because of their ability to
reach the thoracic or lower regions of the
respiratory tract. Further investigations by
EPA may develop standards down to the
PM-2.5 scale.

Most of the smaller particles under 2.5
microns in diameter are from fossil-fuel
based energy-related emissions such as
those from power plants, vehicles (espe-
cially diesel), and industry. Fortunately,
initiatives intended to address other ener-
gy-related air pollution problems, such as
0zone, acid rain, air toxics, and global cli-
mate change, can also yield substantial
reductions in fine particle pollution
while increasing energy efficiency and
decreasing costs.

In addition to evaluating standards,
the Administration has been working with
federal agencies, the states, and industry
to develop innovative and cost-effective
programs to reduce emissions under the
Clean Air Act. Market-based programs
such as emissions trading provide incen-
tives for industry to develop new pollu-

tion control technologies or pollution
prevention approaches. In May 1996,
EPA completed a draft study on benefits
and costs of the Clean Air Act during the
1970-90 period. The analysis, which
must still undergo review and possible
revision by the EPA Science Advisory
Board, found that spending for Clean Air
Act programs had yielded benefits that far
outweigh the costs due to the impact of
lead and particulate matter controls (see
Chapter 1, “America and the Environ-
ment: A 25-Year Retrospective” and
Chapter 10, “Air Quality”).

There have also been government-
wide efforts to find innovative solutions to
air pollution problems. For example, the
Department of Energy (DOE) has made
much progress both in research and in
deployment of technologies to mitigate
the urban heat islands that can negatively
affect air quality. DOE is working to help
develop and identify the best roofing and
paving materials, to use computer models
to determine the optimal approach to
cooling a city, and to disseminate infor-
mation around the nation. DOE esti-
mates that over a 20-year period, trees can
be planted cheaply and roads, roofs, and
parking lots replaced with cooler surfaces,
with considerable savings in energy and
environmental costs.

In many cities and regions, local
efforts to reduce air pollution are also
bearing fruit. In Los Angeles, the combi-
nation of cars, industries, weather, and
natural topography contributes to the
worst air pollution problems in the Unit-
ed States. To meet federal health stan-
dards by 2010, a regional air pollution
control board has devised an elaborate
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Figure 5.3 Adequacy of Available U.S. Data on 189 Hazardous
Air Pollutants
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Source: K. Sexton, "Science and Policy in Regulatory Decision Making: Getting the Facts Right about Haz-
ardous Air Pollutants," Environmental Health Perspectives, Vol. 103, Supplement 6 (1995), pp. 213-222.

local air quality management plan that ~ Hazardous Air Pollutants
targets industry, transportation, and con-

sumers and relies on both current tech- In addition to the six criteria pollu-
nologies and some that are just now tants monitored under NAAQS, EPA also
being developed. The estimated health monitors hazardous air pollutants such as
benefits would be substantial. In Chat- benzene, chlorine, and heavy metals,

tanooga, Tennessee, a collaborative effort  from stationary and urban area sources.
among the city’s political, business, and ~ Hazardous air pollutants are believed to
environmental leaders managed to end pose a significant threat to human health.

the severe air pollution problems that Estimates by EPA suggest that as many as
plagued the city only two decades ago. 2,500 cancer cases per year may result
When confronted with federal standards  from outdoor exposure to 45 of the 189
in the Clean Air Act requiring local hazardous air pollutants listed under the
industries to install air pollution equip- Clean Air Act Amendments of 1990.
ment, the city translated these require- However, the scientific basis for estimat-
ments into economic growth, generating  ing risks from outdoor exposure to haz-
nearly $40 million in locally manufac- ardous air pollutants is currently frag-
tured air pollution control equipment. mented and sparse (Figure 5.3). EPA is
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in the process of using its research capa-
bilities and testing authorities to respond
to this gap in scientific knowledge. In
June 1996, EPA proposed a test rule
under the Toxic Substances Control Act
to acquire needed inhalation toxicity data
on 21 hazardous air pollutants.

The Administration has also taken a
steady and aggressive stance on increas-
ing the amount of information available
to the public about toxics in their com-
munities, their homes and their work-
places. The Federal Right-to-Know Pro-
gram, for example, assures that
communities have easy access to critical
environmental information about the
releases of toxic chemicals within their
communities. In 1995, the number of
chemicals covered by the Right-to-Know
Program of Toxics Release Inventory
increased from 300 to over 600. In 1996,
EPA proposed to require the mining
industry, utilities, hazardous waste han-
dlers and other industrial sectors to also
disclose basic toxic emissions data.
Reporting from these industries would
begin in 1997.

In addition, the 1990 Clean Air Act
amendments introduced important inno-
vations for controlling air toxics. Prior to
passage of the 1990 amendments, EPA
had regulated directly only seven of the
hundreds of toxic air pollutants emitted
from industries. Under the 1990 amend-
ments, EPA must identify categories of
“major” sources that emit any of the 189
hazardous air pollutants listed specifically
under the act. This modification will
allow EPA to better protect human
health from hazardous air pollutants.
These major sources of toxic air pollu-

tants also will provide a roadmap for
DOE pollution prevention efforts, which
are targeted at the responsible industrial
sectors.

Indoor Air Quality

Modern indoor environments contain
an array of chemical and biological
sources of air pollution, including syn-
thetic building materials, consumer prod-
ucts, and dust. Common indoor pollu-
tants include lead, radon, tobacco smoke,
volatile organic compounds, combustion
gases, particles, and mold. This section
highlights three indoor air problems:
lead, radon, and environmental tobacco
smoke.

Lead. In the United States, children’s
mean blood lead levels have decreased
more than 75 percent since the 1970s.
This reduction is primarily the result of
the phaseout of lead in gasoline and
reductions in other sources and pathways
of exposure, such as lead in soldered cans
and paint (see Chapter 6, “Environmen-
tal Justice™). With the reduction of lead
in gasoline and foods, the remaining
major sources of lead are lead-based
paint, dust and soil, drinking water, and
occupational exposures.

While lead is not solely an “indoor
air” issue, lead-based paint is currently
the largest source of high-dose lead expo-
sure for children. Approximately 1.7 mil-
lion children still have blood lead levels
above 10 micrograms per deciliter, the
accepted level set by the Centers for Dis-
ease Control and Prevention, with the
highest rates of blood lead levels found
among poor, urban, African American,
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and Hispanic children. Although lead was have programs researching the health

banned from residential paint in 1978, it
is estimated that 83 percent of all housing
units built before 1980 contain some
lead-based paint. Older, deteriorating
buildings with peeling paint pose the
greatest lead risk. The Department of
Housing and Urban Development
(HUD) estimates that about two out of
three homes occupied by young children
have lead paint and dust hazards, poten-
tially affecting their mental and neural
development. In adults, lead in the blood
can interfere with hearing, increase blood
pressure, and, at high levels, cause kidney
damage and anemia.

In response to this environmental
health threat, several U.S. agencies have
made reducing lead exposure to children
a top priority. Under the Toxic Sub-
stances Control Act and the Residential
Lead-Based Paint Hazard Reduction Act
of 1992, many new rules have been or
will be developed to help reduce lead
exposures. These rules incorporate lead
hazard identification programs, lead dis-
closure and consumer education, and
renovation and remodeling procedures to
reduce lead hazards. Since 1992, HUD
has awarded a total of $279 million in
grants to reduce lead hazards in low-
income housing. The grant program sup-
ports activities such as public education
(using local media and community-based
organizations to ensure widespread dis-
semination in the neighborhoods where
lead poisoning is most prevalent), paint
inspection and risk assessments, low-cost
interim controls, and lead abatement.
EPA and the National Institute of Envi-
ronmental Health Sciences (NIEHS) also

risks from lead exposures as well as reduc-
ing lead exposures.

Radon. Radon is a cancer-causing,
radioactive gas that comes from the natur-
al breakdown of uranium in soil, rock,
and water. Odorless and colorless, radon
is believed to be a leading cause of lung
cancer in the United States today. Radon
is estimated to cause about 14,000 deaths
per year. However, this number could
range from 7,000 to 30,000 deaths per
year. The links between radon and cancer
are based largely on high-level dose-risk
relationships developed from early studies
of uranium miners, but the degree to
which residential exposure to radon rep-
resents an actual risk of lung cancer is not
known. Despite the uncertainty about the
exact toll on human health, all major
health organizations (e.g., the Centers for
Disease Control and Prevention, the
American Lung Association, and the
American Medical Association) agree
with estimates that radon causes thou-
sands of preventable lung cancer deaths
every year.

Radon gets into buildings from the
soil, moving up through the ground into
buildings through cracks in floors and
walls, construction joints, gaps around
service pipes, and well water. Nearly 1 out
of every 15 homes in the United States is
estimated to have indoor radon levels at
or above EPA’s current action level of 4
picocuries per liter. Typically, mitigation
systems to lower radon levels cost less
than $2,000. With these systems, radon
levels can be lowered in virtually all
homes to below 4 picocuries per liter, and
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in 70 percent of those homes the levels
will be below 2 picocuries per liter.

EPA has taken action on many fronts
to address this hazard to human health.
For example, EPA has developed a pro-
gram that evaluates the proficiency of
contractors who conduct radon testing
and those who install mitigation systems
for homes and buildings. The names of
proficient contractors are available
through states, and 20 states have added
their own certification programs for these
contractors. EPA’s Office of Air and Radi-
ation has been educating the public
about the dangers of radon and about
ways to address it. This outreach program
informs communities about how simple
measures such as sealing cracks in floors
and walls can help to reduce radon. With
the assistance of EPA and other collabo-
rative groups, state agencies are also com-
ing up with innovative outreach pro-
grams. For example, in Kentucky, the
state’s medical history forms were amend-
ed to include a question about whether
patients had tested their homes for radon.
If not, a public health nurse would then
explain radon risks and present a
brochure on how to test a home cheaply
and quickly for radon. With one simple
change in a form, some 70,000 Kentucky
citizens are now being reached every
year.

In the 6 years of the program, EPA
estimates that more than 9 million homes
have been tested for radon and mitigation
systems have been installed in 300,000
homes. In addition, on the basis of EPA’s
national school survey and discussions
with states, it is estimated that about 20

percent of U.S. schools have been tested
for radon.

On the research front, DOE is spon-
soring research at the Lawrence Berkeley
Laboratory’s Center for Building Science
that has found ways to prevent radon
from entering homes. In addition,
Lawrence Berkeley Laboratory is working
with the U.S. Geological Survey to devel-
op radon concentration maps.

Environmental Tobacco Smoke.
Smoking is the number one cause of
lung cancer in the United States, and
one of the greatest public health threats.
Many government agencies are actively
pursuing policies, from education cam-
paigns to regulatory instruments, to edu-
cate the public about the health hazards
of smoking and to get people to put down
their cigarettes.

Tobacco smoke can also be hazardous
to the health of the nonsmoker. Environ-
mental tobacco smoke, also known as
secondhand smoke, includes mainstream
smoke, which is exhaled by the smoker,
and sidestream smoke, which is the
smoke that comes from the end of a
burning cigarette, pipe, or cigar.

EPA estimates that environmental
tobacco smoke is responsible for approxi-
mately 3,000 lung cancer deaths each
year. EPA warns that environmental
tobacco smoke can be especially harmful
to children and estimates that on an
annual basis it is responsible for 150,000
to 300,000 cases of lower respiratory tract
infection, such as pneumonia and bron-
chitis, in infants and children under 18
months of age and a worsening of the
condition of 200,000 to 1 million asth-
matic children.
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Figure 5.4 Pesticide Violations
in Food Samples, 1987-1994
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Imported

Many new laws, regulations, and ordi-
nances restrict or ban public smoking.
On the federal level, the General Ser-
vices Administration imposed regulations
restricting smoking to designated areas in
federal office buildings. By law, smoking
is prohibited on almost all domestic air-
line flights and, by regulation, on all
interstate bus travel. In 1995, the United
States entered into an international
agreement banning smoking on all non-
stop flights between the United States,
Canada, and Australia. Currently, nearly
every state has some form of legislation to
protect nonsmokers; some states require
private employers to enact policies that
protect employees who do not smoke. In
addition to state legislation, more than
560 local jurisdictions have enacted ordi-
nances addressing nonsmokers’ rights,
and most are more restrictive than their
state counterparts.

On August 23, 1996, President Clin-
ton established the nation’s first-ever
comprehensive program to protect chil-

dren from the dangers of tobacco and a
lifetime of nicotine addiction with the
publication of the Food and Drug
Administration’s final rule on tobacco
and children, and with FDA’s initiation
of a process to require tobacco companies
to educate children and adolescents —
using a national multimedia campaign
— about the dangers of cigarettes and
smokeless tobacco.

The plan is intended to reduce tobac-
co use by children and adolescents by 50
percent in seven years. It builds on previ-
ous actions taken by Congress and others
such as the ban on television advertising
and state laws to prohibit the sale or use
of tobacco by children. It follows recom-
mendations by the American Medical
Association and the National Academy of
Science’s Institute of Medicine. Experts
have consistently recommended that the
keys to achieving the goal are reducing
access and limiting the appeal to chil-
dren. This initiative accomplishes that
objective while preserving the availability
of tobacco products for adults.

CONTAMINATED FOOD AND
FISH

Pesticide Residues in Food

Pesticides are used widely in agricul-
ture in the United States. The use of pes-
ticides has contributed to dramatic
increases in yields for most major fruit
and vegetable crops by controlling harm-
ful pests. Their use has led to substantial
improvements over the past 40 years in
the quantity and variety of the U.S. diet
and thus in the health of the public. The
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use of pesticides can also reduce spoilage
and health risks from biological contami-
nants. In general, pesticide residues in
food have remained at low levels for
many years. In 1994, only about 1 per-
cent of domestic food samples (55 out of
5,366 samples) contained illegal pesti-
cide residues that exceeded established
tolerance levels. In imported food sam-
ples, the frequency was 3.6 percent (197
out of 5,488 samples). In 1987, 1.5 per-
cent of domestic samples and 3.4 percent
of imported samples exceeded tolerance
levels (Figure 5.4).

However, many pesticides are harmful
to the environment and may negatively
affect human health. Historically, EPA
has regulated pesticides under two major
federal statutes: the Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA)
and the Federal Food, Drug, and Cos-
metic Act (FFDCA). FIFRA prohibits
the sale or use of pesticides not registered
by EPA for use in the United States and
prescribes labeling and other regulatory
requirements to prevent unreasonable
adverse effects on health or the environ-
ment. Under FFDCA, EPA establishes
tolerances (maximum legally permissible
levels) for pesticide residues in food. Tol-
erances are enforced by the Department
of Health and Human Services’ Food and
Drug Administration for most foods and
by the U.S. Department of Agriculture’s
Food Safety and Inspection Service for
meat, poultry, and some egg products.

For over two decades, there have been
efforts to update and resolve inconsisten-
cies in the two major pesticide statutes,
but consensus on necessary reforms has
been elusive. In 1993, the Administration

published a “Pesticide Reform Agenda”
with proposals for reform. In August
1996, Congress unanimously passed and
President Clinton signed a landmark pes-
ticide food safety bill, the Food Quality
Protection Act of 1996, which incorporat-
ed these proposals, to better protect peo-
ple from food contamination. The act
represents a major breakthrough, amend-
ing both FIFRA and FFDCA to establish
a more consistent, protective regulatory
scheme, grounded in sound science. It
mandates a single, health-based standard
for all pesticides in all foods; provides
special protection for infants and chil-
dren; expedites approval of safer pesti-
cides; creates incentives for the develop-
ment and maintenance of effective crop
protection tools for American farmers;
and requires periodic reevaluation of pes-
ticide registrations and tolerances to
ensure that the scientific data supporting
pesticide registrations will remain up to
date.

A significant provision of the Food
Quality Protection Act is that it substi-
tutes a single strong health-based limita-
tion on risks presented by pesticides in
food for the inconsistent standards in the
Delaney clause. The Delaney clause,
contained in the section on food addi-
tives of the FFDCA, states that no addi-
tive will “be deemed safe if it is found to
induce cancer when ingested by man or
animal” and directs EPA not to approve
such food additives. Its language was
interpreted to mean a “zero risk” stan-
dard for any cancer-causing food additive,
including residues from pesticides found
in processed foods. However, on raw
foods the law requires that EPA use a
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negligible risk standard, in the belief that
if the cancer risk is outweighed by several
factors such as the ability of the pesticide
to help in the production of an adequate,
wholesome, and economical food supply,
the safe use of the pesticide is warranted.
Thus, the Delaney clause presented regu-
lators with the problem of conflicting
standards for pesticides in raw versus
processed foods. The application of the
Delaney clause criteria limited the intro-
duction of lower-risk pesticides that could
replace older and potentially more haz-
ardous compounds. Furthermore, the
Delaney clause approach was unduly
narrow, because it singled out one health
endpoint—cancer—and did not cover
substances causing birth defects, nerve
damage, or immune system failures.
These “paradoxes” now no longer exist
for pesticides in food. A new standard
that requires that all tolerances be safe, in
both raw and processed foods, is now
used. Safety is defined as “a reasonable
certainty that no harm will result from
aggregate exposure,” and the requirement
applies to both raw and processed food,
not just for cancer risks, but for all risks.
This revision will allow EPA and others
to address any risks presented by food as it
is consumed as well as to devote
resources that had been consumed by
Delaney-related activities to higher- prior-
ity public health and environmental pro-
tection activities, including mandates
secured in the Food Quality Protection
Act of 1996: protecting children and
other sensitive subpopulations, imple-
menting Consumer Right-to-Know provi-
sions regarding pesticide risks, and evalu-

ating and reducing risks from pesticides
that may be endocrine disruptors.

Contaminated Fish

Last year, 46 contaminants, from diox-
in to chlordane, were found in fish. The
number of lakes, rivers, and other U.S.
waterways where consumers have been
advised to avoid or limit consumption of
trout, salmon, or other species because of
chemical contamination rose from 1,278
in 1993 to 1,740 in 1995 (Figure 5.5).

While EPA provides guidance on lev-
els of contamination, primary responsibil-
ity for protecting residents from the
health risks of consuming noncommer-
cial contaminated fish and wildlife lies
with the states, the District of Columbia,
and the four U.S. territories. They issue
consumption advisories to the public
when high concentrations of chemical
contaminants have been found in local
wildlife and freshwater fish. A complete
database of these advisories—the Nation-

Figure 5.5 Contaminated Fish
Advisories, 1993-1995
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Source: U.S. Environmental Protection Agency (EPA),
Update: National Listing of Fish and Wildlife Consump-
tion Advisories (EPA, Office of Water, 1996).
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al Listing of Fish and Wildlife Consump-
tion Advisories—is maintained by EPA’s
Office of Water to help water quality offi-
cials and the public identify where fish
contamination is a concern. The data-
base contains information on the types of
advisories and bans in effect (e.g.,
whether the advisory applies to the popu-
lation in general or only to sensitive sub-
populations such as pregnant women and
children), the species and size range of
piscivorous (fish-eating) fish in the wild,
the chemical contaminant identified in
the advisory (e.g., mercury, PCBs, chlor-
dane, dioxins, or DDT), the geographic
location and area covered by each adviso-
ry, and the date the advisory was issued.
The database is designed primarily to
help federal, state, and local government
agencies and Native American tribes
assess the potential for human health
risks associated with the consumption of
chemical contaminants in noncommer-
cial fish and wildlife. The increase in
advisories issued between 1993 and 1995
reflects an increase in the number of
assessments of the levels of chemical con-
taminants in fish and wildlife tissues.
These additional assessments were con-
ducted as a result of increased awareness
of health risks associated with the con-
sumption of chemically contaminated
wildlife and freshwater fish. The number
of advisories decreases if states determine
that the monitored concentrations of
chemical contaminants in wildlife or
freshwater fish tissues have decreased and
no longer pose a risk to human health.
Mercury, PCBs, chlordane, dioxins,
and DDT were responsible for almost 95
percent of all fish consumption advisories

in effect in 1995. In 463 cases, the advi-
sories recommended that everyone avoid
eating a certain species of fish; in 1,393
instances, children, pregnant women, or
other vulnerable groups were warned to
restrict or eliminate their freshwater fish
consumption.

For commercial fish, EPA and FDA
also set limits for levels of chemical cont-
amination to protect human health.

Case Study: The Dioxin
Reassessment

Since the early 1970s, dioxins have
often been referred to as one of the most
toxic groups of chemical compounds
known. Dioxins are inadvertently created
through a number of activities, including
combustion, certain types of chemical
manufacture, chlorine bleaching of pulp
and paper, and other industrial processes.
The main pathway for exposure to
humans is via airborne emissions of diox-
in that settle on plants and are passed on
and accumulated through the food
chain. While dioxin is produced in very
small quantities in comparison with other
pollutants (equivalent to around 30
pounds of the most toxic member of the
class annually), its high toxicity and prop-
erties of bioaccumulation and persistence
in the environment have led EPA to treat
dioxin as a major public health threat.
EPA first took action against dioxin
regarding the herbicide 2,4,5-T in 1979
and since then has expanded its dioxin
control efforts to each of its major pro-
grams.

In 1985, EPA published a scientific
review of the health effects of 2,3,7,8-
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TCDD, the most toxic of the dioxin fami-
ly of compounds. In the 1985 assessment,
EPA concluded that dioxin is a proven
animal carcinogen and a probable
human carcinogen and began using that
assessment as the scientific basis for diox-
in risk estimates for all EPA programs. In
1988, EPA prepared a draft reassessment,
as well as a draft exposure document that
presented procedures for conducting site-
specific exposure assessments. However,
guestions about the scientific methodolo-
gy, dioxin’s toxicity, and possible health
effects remained.

In 1991, EPA announced that it would
conduct a scientific reassessment of the
health risks of exposure to dioxin and
dioxinlike compounds, drawing on signif-
icant advances in the scientific under-
standing of mechanisms of dioxin toxici-
ty, new studies of dioxin’s carcinogenic
potential in humans, and increased evi-
dence of other adverse health effects. In
September 1994, EPA released its final
“public review draft” of the dioxin
reassessment. The dioxin reassessment
breaks new ground—not only by provid-
ing policymakers with the most compre-
hensive assessment of dioxin to date, but
also by establishing a new, participatory
model of how a risk assessment should be
conducted.

The dioxin reassessment process is
noteworthy for several reasons. First, EPA
has worked to make each phase of the
dioxin reassessment an open and partici-
patory process. More than 100 scientists
from academia, government, and indus-
try have collaborated throughout the
reassessment process by providing data,
writing chapters, and reviewing drafts. In

addition, EPA has held several public
meetings to gather comments on
progress, and it published earlier drafts
for public comment and review. Second,
unlike the 1985 report, which considered
only the compound 2,3,7,8-TCDD, the
1994 draft report also investigates the
health impacts of dioxin-related com-
pounds. Thus, other chemicals that
behave like dioxins (i.e., chemicals that
have a similar structure to dioxin and
bind to a cellular protein called the “Ah
receptor”) were also considered in the
1994 report.

Third, the 1994 draft report is also
unique in that it attempted to provide a
comprehensive inventory of emission
sources. It found that waste combustion
accounts for a large percentage of all
known emissions, yet acknowledged the
likelihood that there are a number of
unidentified sources of dioxin in the
United States. The sources of dioxin are
still under review, and EPA is still in the
process of collecting additional informa-
tion and data about sources and emission
levels.

Finally, unlike the 1985 report, which
focused exclusively on cancer risks, the
1994 draft report evaluates dioxin’s non-
cancer effects as well. These effects may
include developmental and reproductive
effects, immune suppression, and disrup-
tion of hormones that regulate normal
biological functions. In addition, the
reassessment reaffirmed with greater con-
fidence that dioxin is a proven animal
carcinogen and a probable human car-
cinogen.

Until the final report is released in
1997, EPA's efforts to control dioxin risks
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will not change. Indeed, during the
reassessment process, efforts to imple-
ment dioxin control programs have con-
tinued. In December 1995, EPA Admin-
istrator Carol Browner announced
promulgation of air standards for new
and existing municipal waste combustors.
The rule specifies technology-based per-
formance standards, which would reduce
dioxin and other organic chemical emis-
sions by 95 to 99 percent from a number
of existing municipal waste combustors
and all new plants. In addition, EPA has
proposed similar regulations for medical
waste incinerators. EPA has continued to
administer programs to limit dioxin con-
tamination of U.S. waters by developing
technology-based effluent limitation
guidelines for pulp and paper mills, by
developing ambient water quality criteria
guidance, and by prohibiting the dis-
charge of dredged material that is conta-
minated with dioxin in violation of state
water gquality standards. The Safe Drink-
ing Water Program, the Superfund Pro-
gram, and the Pesticides and Toxic
Chemicals Program also all have active
pollution prevention and control pro-
grams for dioxins and furans. Once the
final report is released, EPA will begin an
extensive review of policies developed to
manage dioxin risks, again relying heavily
on early public input into the policy eval-
uation process.

EMERGING CHALLENGES
The Endocrine Disruptor Debate

There have been many reports that
domestic animals and wildlife have suf-

fered adverse reproductive and other
health effects from exposure to environ-
mental chemicals that interact with the
endocrine system, often called endocrine
disruptors or environmental hormones.
These problems have primarily been
identified in animals and humans
exposed to relatively high levels of certain
organic chemicals. Whether similar
effects are occurring in the general
human or wildlife populations from
ambient environmental levels is current-
ly unknown.

While many uncertainties exist
regarding the effects that environmental
hormones have on humans and animals,
the issue must be taken seriously. Hor-
mones play a major role in the function-
ing of all organ systems, and small distur-
bances in endocrine function in
laboratory animals, at critical stages of
development, have been shown to pro-
duce profound and lasting effects. In
addition, people are exposed to a com-
plex mixture of many natural and syn-
thetic compounds, which may have syn-
ergistic effects. Further, some chemicals
that have been identified as endocrine
disruptors, such as PCBs, persist in the
environment for a long time.

Most of the effects associated with
exposure to endocrine-disrupting chemi-
cals, such as reproductive dysfunction
and sexual abnormalities, have been
observed in wildlife populations receiving
relatively high levels of exposure consist-
ing mainly of persistent chlorinated com-
pounds, such as DDT. Examples include
reproductive problems in wood ducks
from Bayou Meto, Arkansas; embryonic
deformities in Great Lakes fish-eating
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birds; feminization and demasculiniza-
tion in gulls; developmental effects in
Great Lakes snapping turtles; and devel-
opmental dysfunction in lake trout in the
Great Lakes. In each case, detectable
concentrations of chemicals with known
endocrine-disrupting effects have been
reported in the animals or their environ-
ment, but a cause-and-effect link has
been established for only a few of these
observations.

For human populations, some studies
have suggested that endocrine-disrupting
chemicals may be responsible for report-
ed increases in certain cancers and
adverse reproductive effects. The hypoth-
esis that endocrine disruptors can cause
cancer in humans is based largely on the
clear association between exposure of
pregnant women to diethylstilbestrol
(DES), a drug taken to avoid miscarriage,
and reproductive organ cancers in their
daughters. In addition, cancer trend data
for the 1973-91 period show increases in
the incidence of some cancers associated
with hormones (female breast, 24 per-
cent; testicular, 41 percent; prostate, 126
percent). So far, because there are insuf-
ficient supporting data, the linkage
between the incidence of human cancers
and an endocrine (hormonal) disruption
mechanism remains a working hypothe-
sis. Most of these increases in incidence
may be attributed to improvements in
detection and early diagnosis, or other
factors. In the case of breast cancer, for
example, epidemiological studies have
determined a variety of risk factors, such
as oral contraceptives, estrogen replace-
ment therapy, family history, smoking,
and alcohol use.

There have been documented cases of
reproductive problems in humans
exposed accidentally to high doses of
endocrine-disrupting chemicals as well as
reports of declines in the quality and
quantity of sperm production in humans
over the last four decades. Several stud-
ies, such as a 1992 study by Carlsen et al.
and a 1995 study by Auger et al., have
provided evidence that there have been
declines in sperm count in their selected
populations. However, other studies, such
Suominen and Vierula’s review of several
studies published between 1958 and
1992, and clinical studies by Fisch et al.
and Paulsen et al., have concluded that
there were no decreases in sperm count
or semen volume. Thus, while there may
be reductions in some specific locations,
more research is needed concerning
potential reductions in sperm production
in the general population.

While there is much scientific uncer-
tainty and debate about this issue, there
is resounding agreement that additional
data and research are needed. The pub-
lic and private sectors have recognized
this need and have established research
programs. Several federal agencies are
currently engaged in a wide range of
research activities relating to endocrine
disruptors, which include studies of expo-
sure and effects, as well as the mecha-
nisms of endocrine-disrupting chemicals.
The National Science and Technology
Council’s Committee on Environmental
and Natural Resources identified this
issue as an initiative in November 1995,
and has established an interagency work-
ing group of scientists to identify research
needs related to the health and ecologi-
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cal effects of endocrine-disrupting chemi-
cals and to develop an interagency
research plan. The National Academy of
Sciences is also conducting an assess-
ment. The Environmental Protection
Agency has recently completed an agen-
cywide draft on the state of the science
entitled “Environmental Endocrine Dis-
ruption: An Effects Assessment and
Analysis Document,” which has been
submitted to the Risk Assessment Forum
and the Science Policy Council for
approval. EPA is also forming a commit-
tee (the Endocrine Disruptor Screening
and Testing Advisory Committee) to
advise the agency on the development of
a strategy for screening and testing chem-
icals and pesticides for their potential to
disrupt the endocrine system. These
efforts, and others, will lead the way to a
better understanding of endocrine disrup-
tors and their potential impacts and ulti-
mately will provide the tools needed to
make informed policy decisions about
this issue.

Ozone and Climate Change

Ozone. In 1994, the World Meteoro-
logical Organization (WMO) in collabo-
ration with the National Oceanic and
Atmospheric Administration (NOAA),
National Aeronautics and Space Admin-
istration (NASA), and the United Nations
Environment Programme (UNEP)
released its scientific assessment of ozone
depletion. The report, Scientific Assess-
ment of Ozone Depletion: 1994, includes
a review of potential health impacts from
stratospheric ozone depletion.

The assessment reports that the accu-
mulation of certain human-made gases
in the upper atmosphere or stratos-
phere—from the widespread use of vari-
ous halocarbons for refrigeration, insulat-
ed packaging, and in industry and
agriculture—nhas resulted in a sustained
decline in stratospheric ozone concentra-
tions. The major consequence of this
stratospheric ozone depletion is reduced
shielding of Earth’s surface against
incoming solar ultraviolet radiation; thus,
a continuing depletion of stratospheric
ozone would increase the amount of
ultraviolet radiation that reaches Earth’s
surface. These increases would be experi-
enced, mostly, in the middle and high
latitudes, where the majority of the global
population is concentrated. Indeed, Unit-
ed Nations projections indicate that as
ozone depletion reaches its peak before
the year 2000, mid-latittudes in the
Northern Hemisphere may experience a
15 percent increase in UV-B exposure
during winter and spring. The assessment
found that UV-B radiation increased by 2
percent for every 1 percent decrease in
the ozone layer.

Although the amount of UV-B striking
Earth’s surface can vary routinely by as
much as 20 percent, scientists have
warned that if the current trend were to
continue, radiation would reach levels
high enough to increase the incidence of
skin cancer and cataracts in humans.
The assessment, assuming no change in
exposure patterns in the general popula-
tion, projected that a sustained 10 to 15
percent depletion of stratospheric ozone
over several decades could result in an
estimated 15 to 20 percent increase in
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the incidence of skin cancer in fair-
skinned populations. Solar ultraviolet
light is an important cause of squamous-
cell carcinoma of the eye. Increased UV-
B radiation can also interfere with the
body’s immune system; this constitutes
one of the most potentially dangerous
effects of UV-B because of the possibility
that immunity to infectious diseases may
be compromised.

Climate Change. As discussed in
Chapter 12, “Climate Change,” the

international scientific community, repre-

sented by the 2,500 scientists of the Inter-
governmental Panel on Climate Change
(IPCC), reported in its latest assessment
in 1995 that human activities are having

a discernible influence on global climate.

The models used by the IPCC predict an
increase in average global temperature of
about 19 t0 3.59 C (1.4 t0 6.39 F) by
2100. A change of this magnitude will
likely produce alterations both in physi-
cal systems (e.g., higher temperatures,
heavier rainfall, and rising sea level) and
in ecosystems (e.qg., forests, agriculture,
marine ecologies, and the habitats of var-
ious insects and animals), with profound
implications for human health.

In its chapter on human health, the
IPCC reports that climate change, by

altering local weather patterns and by dis-

turbing life-supporting natural systems
and processes, may affect the health of
human populations and that adverse
effects are likely to outweigh beneficial
effects. The range of health effects would
be diverse, often unpredictable in magni-
tude, and sometimes slow to emerge.
Researchers believe that both direct risks
(e.g., death in heat waves or floods) and

indirect risks (e.g., changes in food pro-
duction or the distribution and incidence
of vector-borne diseases) to human health
will emerge.

Estimating health impacts of climate
change is still a relatively new field of sci-
entific study, and it remains controver-
sial. There are inevitable, multiple
uncertainties involved in trying to project
potential health impacts in relation to
future scenarios of climate change. In
addition, actual health impacts will vary
dramatically by region depending on
environmental circumstances, the exist-
ing health infrastructure, social and eco-
nomic resources, and the baseline health
status of the population. Many of the
anticipated adverse health impacts of cli-
mate change are expected in the world’s
less-developed regions; in many of those
countries, there already exists a high
prevalence of undernutrition, chronic
exposure to infectious disease agents, and
inadequate access to social and physical
infrastructure. Nevertheless, human
health in the United States may be
adversely affected in several ways: by an
increase in heat-related mortality, espe-
cially in urban areas; by an increase in
the frequency and severity of extreme
weather events such as flooding; and by
an increase in the potential for the spread
of diseases such as malaria, dengue,
cholera, and salmonellosis. In addition,
demographic trends including popula-
tion aging and increasing levels of disabil-
ity, chronic illness, and coastal retire-
ment may increase the vulnerability of
the U.S. population to adverse health
impacts related to climate change.
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Table 5.2

Total Summer Heat-related Deaths in Selected Cities:
Current Mortality and Estimates of Future Mortality Under the
GFDL89 Climate Change Scenario

GFDL89 climate change scenario

Year 2020 Year 2050
Present No Acclimatized No Acclimatized
City mortality* acclimatization  population  acclimatization  population
average number of summer-season heat-related deaths

United States

Atlanta 78 191 96 293 147

Dallas 19 85 28 782 618

Detroit 118 264 131 419 209

Los Angeles 84 205 102 350 174

New York 320 356 190 879 494

Philadelphia 145 190 142 474 354

San Francisco 27 49 40 104 85
Canada

Montreal 69 121 61 245 124

Toronto 19 36 0 86 1
China

Shanghai 418 1,104 833 2,950 1,033
Egypt

Cairo 281 476 na 830 na

Source: A.H. McMichael, A.Haines, R.Sloof and S, Kovats, eds. Climate Change and Human
Health, p. 57 (World Health Organization and United Nations Environment Program, Geneva,

1996).

Notes: Lraw mortality data. na=not applicable.

Cases of heat-stress mortality, particu-
larly in vulnerable individuals such as the
very young and the very old, could
increase because of climate change.
Recent analyses of concurrent meteoro-
logical and mortality data in cities in the
United States, Canada, the Netherlands,
China, and the Middle East show that
overall death rates rise during heat waves,
particularly when the temperature and
humidity rise above the local popula-
tion’s threshold value. One model sug-
gests that the annual number of heat-

related deaths would approximately dou-
ble by 2020 and would increase several-
fold by 2050. For a city like Atlanta,
Georgia, that could increase the number
of heat-related deaths from the current
average of about 80 each summer to
nearly 200 in 2020 and closer to 300 in
2050 (see Table 5.2). These estimates are
based on myriad assumptions and involve
a large amount of uncertainty. Neverthe-
less, in very large cities with populations
sensitive to heat stress, climate change
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could cause significant increases in extra
heat-related deaths annually.

Climate change will also likely
increase the frequency and severity of
some extreme weather events such as
flooding. Flash flooding is currently a
leading cause of weather-related mortali-
ty in the United States. In addition to
direct deaths from drowning and other
accidents, flooding could also facilitate
the spread of infectious diseases by dam-
aging homes and displacing residents, as
well as contaminating water sources with
fecal material or toxic chemicals. Weath-
er-related disasters often overwhelm local

public health facilities and water and san-

itation infrastructure, further affecting
human health.

A third area in which climate change
can affect human health in the United
States is by changing the distribution of
disease vectors. Infectious agents and

their vector organisms are sensitive to fac-

tors such as temperature, surface water,
humidity, wind, soil moisture, and
changes in forest distribution. Net cli-

mate-change-related increases in the geo-

graphic distribution (altitude and lati-
tude) of the vector organisms of
infectious diseases (e.g., malarial mosqui-
tos, schistosome-spreading snails) and
changes in the life-cycle dynamics of
both vector and infective parasites would,
in aggregate, increase the potential trans-
mission of many vector-borne diseases.
Malaria, a mosquito-borne disease that
currently afflicts an estimated 1 in 20
people in the world, provides an apt

example. Models reported on by the
IPCC suggest that with the predicted cli-
mate change, the proportion of the
world’s population living within the
potential malaria transmission zone
could increase from around 45 to around
60 percent by the latter half of the next
century. Although this predicted increase
in potential transmission encroaches
mostly into temperate regions, actual cli-
mate-related increases in malaria inci-
dence would occur primarily in tropical,
subtropical, and less well protected tem-
perate zone populations currently at the
margins of endemically infected areas.

Addressing the Issues. The United
States has been an active participant in
both the Montreal Protocol and the Cli-
mate Convention. On December 31,
1995, the industrialized nations of the
world officially ended their production of
ozone-depleting chlorofluorocarbons
(CFCs), except for a few essential uses.
The U.S. role in this effort and the
Administration’s continued work toward
reducing greenhouse gas emissions are
discussed in detail in Chapter 11,
“Stratospheric Ozone” and Chapter 12,
“Climate Change.”

On the health side, the Administration
is working closely with the scientific com-
munity to further investigate the links
between ozone depletion and climate
change and human health. The develop-
ment of advanced remote sensing and
GIS technologies will help in facilitating
large-scale data collection and analysis.

104

ENVIRONMENTAL QUALITY



Environmental Aspects of Human Health

REFERENCES

Auger, J., et al., “Decline in Semen Quality Among Fertile Men in Paris During the Past 20
Years,” New England Journal of Medicine, Vol. 332 (1995), pp. 281-285.

Browner, Carol M., “Environmental Tobacco Smoke: EPA’s Report,” EPA 175-N-93-027, EPA
Journal (Fall 1993).

Carlsen, E., et al., “Evidence for Decreasing Quality of Semen During Past Fifty Years,” British
Medical Journal, Vol. 304 (1992), pp. 609-613.

Center for the Study of Environmental Endocrine Effects, “Environmental Endocrine Effects:
An Overview of the State of Scientific Knowledge and Uncertainties,” discussion draft (Center
for the Study of Environmental Endocrine Effects, Washington, DC, September 1995).

Colburn, Theo, Dianne Dumanoski, and John Peterson Myers, Our Stolen Future: Are We
Threatening Our Fertility, Intelligence, and Survival - A Scientific Detective Story (Dutton, New
York, 1996).

Cushman, John, Jr., “E.P.A. Plans Radical Change in Calculation of Cancer Risk,” The New
York Times, April 16, 1996, pp. A1, A18.

“Dioxins and Dioxin-like Chemicals,” Environmental Health Monthly, Vol. 7, No. 6 (March
1995).

Dockery, Douglas W., et al., “An Association Between Air Pollution and Mortality in Six U.S.
Cities,” The New England Journal of Medicine, Vol. 329, No. 24 (December 1993), pp.
1753-1759.

Farland, William H., “EPA’s Scientific Reassessment of Dioxin,” Health and Environment
Digest, Vol. 5, No. 12 (March 1992).

Fisch, H., et al., “Semen Analyses in 1,238 Men from the United States over a 25-Year Period:
No Decline in Fertility,” Fertility and Sterility, Vol. 65 (1996), pp. 1009-1014.

Folinsbee, Lawrence J., “Human Health Effects of Air Pollution,” Environmental Health Per-
spectives, Vol. 100 (1992), pp. 45-56.

Food and Drug Administration (FDA), Pesticide Program Residue Monitoring 1994 (FDA,
Washington, DC, 1994).

Hileman, Bette, “Health Effects of Electromagnetic Fields Remain Unresolved,” Chemical
and Engineering News (November 8, 1993).

Institute of Medicine, Emerging Infections: Microbial Threats to Health in the United States
(National Academy Press, Washington, DC, 1992).

Intergovernmental Panel on Climate Change, Climate Change 1995: Impacts, Adaptations,
and Mitigation Summary for Policy Makers, Contribution of Working Group 1 to the Second
Assessment Report (Intergovernmental Panel on Climate Change, Washington, DC, 1995).

Kavlock, R.J., et al., “Research Needs for the Risk Assessment of Health and Environmental
Effects of Endocrine Disruptors: A Report of the U.S. EPA-sponsored Workshop,” Environmen-
tal Health Perspectives, Vol. 104, Supplement 4 (1996).

CHAPTER FIVE 105



Environmental Aspects of Human Health

Lee, Gary, “Clean Air Regulations Are Paying Off, EPA Says,” The Washington Post (June 10,
1996), p. Al7.

Lee, Gary, “Hospitalizations Tied to Ozone Pollution,” The Washington Post (June 21, 1996),
p. A3.

McMichael, AJ., A. Hains, R. Sloof, and S. Kovats, eds., Climate Change and Human Health
(World Health Organization, World Meteorological Organization, and United Nations Envi-
ronment Programme, Geneva, 1996).

National Research Council, The Epidemiological Transition: Policy and Planning Implications
for Developing Countries (National Academy Press, Washington, DC, 1993).

National Research Council, Measuring Lead Exposure in Infants, Children, and Other Sensi-
tive Populations (National Academy Press, Washington, DC, 1993).

National Research Council, Pesticides in the Diets of Infants and Children (National Academy
Press, Washington, DC, 1993).

National Science and Technology Council and Institute of Medicine, Conference on Human
Health and Global Climate Change: Summary of the Proceedings (National Academy Press,
Washington, DC, 1996).

Natural Resources Defense Council, Breathtaking: Premature Mortality due to Particulate Air
Pollution in 239 American Cities (Natural Resources Defense Council, New York, May 1996).

Nichols, Mary, “Lessons from Radon,” EPA 175-N-93-027, EPA Journal (Fall 1993).

Office of Technology Assessment, Identifying and Controlling Immunotoxic Substances: Back-
ground Paper (Office of Technology Assessment, Washington, DC, 1991).

Office of Technology Assessment, Researching Health Risks (Office of Technology Assessment,
Washington, DC, 1993).

Ozone ACTION, “Human Health Effects: Ozone Depletion and Climate Change,” Fact
Sheet (Ozone ACTION, Washington, DC, 1996).

Patz, Jonathan A., et al., “Global Climate Change and Emerging Infectious Diseases,” Journal
of the American Medical Association, Vol. 275, No. 3 (January 17, 1996), pp. 217-223.

Paulsen, C.A., N.G. Berman, and C. Wang, “Data from Men in Greater Seattle Area Reveals
No Downward Trend in Semen Quiality: Further Evidence That Deterioration of Semen
Quality Is Not Geographically Uniform,” Fertility and Sterility, Vol. 65 (1996), pp. 1015-1020.

Physicians for Social Responsibility and Environmental Defense Fund, Putting the Lid on
Dioxins: Protecting Human Health and the Environment (PSR and EDF, Washington, DC,
1994).

Pope, Andrew, “Indoor Allergens: A Report,” EPA 175-N-93-027, EPA Journal (Fall 1993).

Pope, C. Arden, Il1, et al., “Particulate Air Pollution as a Predictor of Mortality in a Prospective
Study of U.S. Adults,” American Journal of Respiratory Critical Care Medicine, Vol. 151
(1995), pp. 669-674.

The President’s Council on Sustainable Development, Sustainable America: A New Consen-
sus for Prosperity, Opportunity, and a Healthy Environment for the Future (Government Print-
ing Office, Washington, DC, 1996).

106 ENVIRONMENTAL QUALITY



Environmental Aspects of Human Health

Sexton, Ken, “An Inside Look at Air Pollution,” EPA 175-N-93-027 EPA Journal (Fall 1993).

Sexton, Ken, “Science and Policy in Regulatory Decision Making: Getting the Facts Right
About Hazardous Air Pollutants,” Environmental Health Perspectives, Vol. 103, Supplement 6
(1995), pp. 213-222.

Suominen, J., and M. Vierula, “Semen Quality of Finnish Men,” British Medical Journal, Vol.
306 (1993), p. 1579.

U.S. Department of Agriculture (USDA), Water Quality, NRCS/RCA lIssue Brief 9 (USDA,
Natural Resources Conservation Service, Washington, DC, March 1996).

U.S. Department of Commerce, “We Asked . . . You Told Us: Source of Water and Sewage
Disposal,” Census Questionnaire Content, 1990 CQC-28 (Department of Commerce, Wash-
ington, DC, February 1995).

U.S. Department of Health and Human Services, Healthy People 2000 Review (Department of
Health and Human Services, Washington, DC, 1994).

U.S. Environmental Protection Agency (EPA), Air Quality Trends, EPA-454/F-95-003 (EPA,
Washington, DC, September 1995).

U.S. Environmental Protection Agency (EPA), Environmental Indicators of Water Quality in
the United States, EPA 841-R-96-002 (EPA, Office of Water Washington, DC, June 1996).

U.S. Environmental Protection Agency (EPA), “EPA’s On-Going Regulatory Program,” Diox-
in Facts (EPA, Office of Communications, Education, and Public Affairs, Washington, DC,
September 1994).

U.S. Environmental Protection Agency (EPA), “For Your Information: Major Issues in the
Food Quality Protection Act of 1996,” FYI Brief (EPA, Office of Prevention, Pesticides, and
Toxic Substances, Washington, DC, August 1996).

U.S. Environmental Protection Agency (EPA), “For Your Information: The Food Quality Pro-
tection Act of 1996,” FYI Brief (EPA, Office of Prevention, Pesticides, and Toxic Substances,
Washington, DC, August 1996).

U.S. Environmental Protection Agency (EPA), National Drinking Water Program Redirection
Strategy (EPA, Washington, DC, June 1996).

U.S. Environmental Protection Agency (EPA), “The Reassessment Process,” Dioxin Facts
(EPA, Office of Communications, Education, and Public Affairs, Washington, DC, Septem-
ber 1994).

U.S. Environmental Protection Agency (EPA), “The Safe Drinking Water Act Amendments of
1996: Strengthening Protection for America’s Drinking Water,” draft paper (EPA, Office of
Water, Washington, DC, August 1996).

U.S. Environmental Protection Agency (EPA), Science Advisory Board Report: Safe Drinking
Water, Future Trends and Challenges, EPASAB-DWC-95002 (EPA, Washington, DC, 1995).

U.S. Environmental Protection Agency (EPA), “Scientific Highlights from Draft Reassess-
ment,” Dioxin Facts (EPA, Office of Communications, Education, and Public Affairs, Wash-
ington, DC, September 1994).

CHAPTER FIVE 107



Environmental Aspects of Human Health

U.S. Environmental Protection Agency (EPA), “Statement of Lynn Goldman, M.D., Assistant
Administrator for Prevention, Pesticides, and Toxics: September 13, 1994,” press release (EPA,
Office of Communications, Education, and Public Affairs, Washington, DC, September 1994).

U.S. Environmental Protection Agency (EPA), Update: National Listing of Fish and Wildlife
Consumption Advisories, Fact Sheet, EPA-823-F-96-006 (EPA, Office of Water, Washington,
DC, June 1996).

U.S. Environmental Protection Agency (EPA), Watershed Protection: A Statewide Approach
(EPA, Office of Water, Washington, DC, March 1996).

U.S. Environmental Protection Agency (EPA), “White Paper,” Strengthening the Safety of Our
Drinking Water: A Report on Progress and Challenges and an Agenda for Action (EPA, Washing-
ton, DC, March 1995).

Vogt, Donna U., The Delaney Clause Effects on Pesticide Policy, Congressional Research Ser-
vice Report for Congress 95-514 SPR (Congressional Research Service, Washington, DC,
1995).

The World Commission on Environment and Development (The Brundtland Commission),
Our Common Future (Oxford University Press, Oxford, 1987).

World Meteorological Organization (WMO) in collaboration with the National Oceanic and
Atmospheric Administration (NOAA), National Aeronautics and Space Administration
(NASA), and the United Nations Environment Programme (UNEP), Scientifc Assessment of
Ozone Depletion: 1994, Global Ozone Research and Monitoring Project - Report No. 37
(WMO, NOAA, NASA, UNEP, Geneva, 1995).

World Resources Institute in collaboration with the United Nations Environment Programme,
the United Nations Development Programme, and the World Bank, World Resources 1996-97
(Oxford University Press, New York, 1996).

108 ENVIRONMENTAL QUALITY



CHAPTER SIX

Environmental Justice

n February 11, 1994, President

Clinton issued Executive Order
12898, placing environmental justice
firmly on the nation's political agenda.
The order directs federal agencies to
incorporate environmental justice princi-
ples into their day-to-day operations. In
addition, the order promotes nondiscrimi-
nation in federal programs involving
human health and the environment, and
ensures that minority and low-income
communities are given the opportunity to
participate in decisionmaking.

Concerns about environmental "injus-

tices" are not a new phenomenon. In fact,

the first mention of inequities in the distri-
bution of environmental hazards was pub-

lished 25 years ago, in the first annual
report of the Council on Environmental
Quality (see Box 6.1). While progress has
been made in addressing environmental
justice issues, much still remains to be
done before, as President Clinton stated
as he issued the Executive Order, "all
communities and persons across this

nation live in a safe and healthful environ-

ment."

BACKGROUND

Historically, federal and state agencies
have set pollution standards to protect all
citizens equally from environmental pol-
lution. Air and water quality standards, for

example, are set to protect the nation as a
whole. The environmental justice move-
ment, however, has brought national
attention to the fact that environmental
hazards are not shared equally and that
minority and low-income communities
bear a disproportionate share of the
nation's air, water, and waste problems.
Several studies have found that the geo-
graphic distribution of municipal and haz-
ardous landfills, incinerators, and aban-
doned toxic waste dumps are located
primarily in minority and low-income
neighborhoods. Minority and low-income
communities may face a number of other
environmental risks as well; for instance:

« African Americans and Hispanic-
origin populations are more likely than
whites to live in areas with reduced air
quality (Figure 6.1).

e Low-income residents living in
older, poorly maintained buildings are
more likely to be exposed to dangerous
levels of lead.

< Migrant farm workers are more like-
ly to be exposed to hazardous levels of
pesticides and less likely to have access
to adequate protective clothing.

< Insome areas, Navajo land and
water supplies are contaminated with
uranium, which may be contributing
to the high incidence of organ cancer
among Navajo teenagers.
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Box 6.1
Milestones in the Environmental Justice Movement

1971

Council on Environmental Quality annual report notes inequities in distribution of envi-
ronmental hazards.

1982

500 citizens are arrested for demonstrating in opposition to the siting of a PCB dis-
posal landfill in the predominantly black and poor Warren County, North Carolina.

1983

The General Accounting Office investigates relationship between race and the siting
of four commercial hazardous waste landfills in the Southeast. At three of the four
landfills, African Americans made up the majority of the population living nearby. At
least 26 percent of the population in all four communities was below the poverty level.

1987

United Church of Christ's Toxic Wastes and Race in the United States is released and
concludes that race, not income, was the factor more strongly correlated to residence
near a hazardous waste site. It found that the proportion of minorities in communities
with a hazardous waste facility is nearly double that in communities without one.
Where two or more such facilities are located, the proportion of minorities is more
than triple.

1990

Michigan Conference on Race and the Incidence of Environmental Hazards is held,
bringing together academics, activists, and policymakers around the issue of environ-
mental justice.

1992

The Environmental Protection Agency's (EPA's) Environmental Equity Working
Group, established in 1990, releases Environmental Equity: Reducing Risk for All
Communities, which concludes that racial minorities and low-income people are dis-
proportionately exposed to lead, selected air pollutants, hazardous waste facilities,
contaminated fish, and agricultural pesticides in the workplace.

EPA establishes the Office of Environmental Equity (renamed the Office of Environ-
mental Justice in 1994).

1994

President Clinton issues Executive Order 12898, Federal Actions to Address Environ-
mental Justice in Minority Populations and Low-Income Populations, requiring federal
agencies to develop a comprehensive strategy for making environmental justice part
of their daily operations.

The Interagency Working Group on Environmental Justice is established, chaired by
EPA Administrator Carol M. Browner and comprised of the heads of 11 agencies and
several White House offices.

Update of United Church of Christ report finds that minority populations in 1993 are
more likely to live in ZIP codes where hazardous waste facilities are located than they
were in 1980; race/ethnicity remains a stronger indicator of proximity to a facility than
income.

As discussed later in this chapter, controversies, however, environmental
other studies have presented conflicting  justice has to do with more than docu-
evidence as to whether a disproportionate mented disproportionate exposure to
burden exists, especially in the area of environmental hazards. It is primarily
waste facility siting. Setting aside these about raising awareness of and sensitivity
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to the issues, and about trying to achieve
fairness in U.S. environmental policy and
in how environmental policy decisions
are made. Examples of environmental
"injustices" could include a permitting
office that authorizes a hazardous waste
landfill in a predominantly minority area
without considering other sites or without
consulting community residents; a state
agency that publishes environmental
hearing notices only in English, even
though the affected community is largely
Spanish-speaking; or a federal water pol-
lution study that does not take into
account the fact that members of a near-
by Native American tribe consumes fish
from a waterbody in greater quantities
than the national average, possibly expos-
ing them to higher doses of toxins.

Thus, environmental justice has to do
with equal protection from environmen-
tal hazards and the ability of all commu-
nities to have a voice in decisions that

affect their health, environment, and
quality of life. Communities where resi-
dents are unaware of environmental laws
and regulations may not be able to make
informed decisions about, for example, a
proposal to build an incoming hazardous
waste facility. In addition, minority and
low-income residents may lack the time,
money, contacts, information, and other
resources needed to take political action.
Minorities often face further barriers
because of housing discrimination, lan-
guage differences, and underrepresenta-
tion in government offices.

Within the environmental justice
movement, debate continues on whether
race or income is a stronger influence on
exposure to environmental hazards. The
landmark 1987 study by the United
Church of Christ, Toxic Wastes and Race
in the United States, found that race was
a stronger determinant of proximity to a
hazardous waste facility than income.

Figure 6.1 U.S. Populations Exposed to Poor Air Quality, 1993
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Source: Fred Seitz and Christine Plepys, Monitoring Air Quality in Healthy People 2000 , Statistical Notes No. 9
(National Center for Health Statistics, Hyattsville, MD, 1995).

Note: Data refer to proportion of population living in counties with air quality above the primary national

air quality standard. Persons of Hispanic origin may be of any race.
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Indeed, a review of studies by Paul
Mohai and Bunyan Bryant found that
race has an effect, independent of
income, on the distribution of environ-

mental hazards. Other researchers argue

that minorities are disproportionately
affected because they are disproportion-

ately poor. Regardless of whether race or

income has a more important effect on
the distribution of environmental haz-
ards, the environmental justice move-
ment contends that as minority and low-
income families become increasingly
concentrated in inner cities and other
isolated pockets, their communities
become the dumping grounds for the
waste of the wealthy. To paraphrase
Mohai and Bryant, perhaps knowing
whether race or income has a more
important effect on the distribution of
environmental hazards is less relevant
than understanding how the conditions
that lead to environmental inequity can
be addressed and remedied.

RECENT ACTIONS

Executive Order 12898, Federal

Actions to Address Environmental Justice
in Minority Populations and Low-Income
Populations, is the first presidential effort
to direct all federal agencies with a public
health or environmental mission to make
environmental justice an integral part of

their policies and activities. The order
focuses federal attention on the environ-
mental and human health conditions of
minority and low-income populations

with the goal of achieving environmental

protection for all communities. Among

other things, the executive order creates
an Interagency Working Group on Envi-
ronmental Justice; requires each federal
agency to develop an agencywide envi-
ronmental justice strategy; and directs
agencies to include information about
minority and low-income communities
in their research, data collection, and
analysis on human health and environ-
mental issues (See Box 6.2).

President Clinton issued an accompa-
nying memorandum to the executive
order for the heads of all departments and
agencies, directing them to take appropri-
ate and necessary steps to ensure that:

< in accordance with Title VI of the
Civil Rights Act of 1964, each federal
agency shall ensure that all programs
or activities receiving federal financial
assistance that affect human health or
the environment do not directly, or
through contractual or other arrange-
ments, use criteria, methods, or prac-
tices that discriminate on the basis of
race, color, or national origin;

= each federal agency shall analyze
the environmental effects, including
human health, economic, and social
effects, of federal actions, including
effects on minority and low-income
communities, when such analysis is
required by the National Environmen-
tal Policy Act of 1969 (NEPA); and

« each federal agency shall provide
opportunities for community input in
the NEPA process including identify-
ing potential effects and mitigation
measures in consultation with affected
communities and improving the
accessibility of meetings, crucial docu-
ments, and notices.
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Box 6.2
Highlights of Executive Order 12898

Executive Order 12898 directs each federal agency to make environmental justice part of its
mission by identifying and addressing disproportionately high and adverse human health or
environmental effects of its programs, policies, and activities on minority and low-income pop-
ulations.

One significant provision of the order is the establishment of an Interagency Working Group
(IWG) on Environmental Justice. IWG is chaired by Environmental Protection Agency Admin-
istrator Carol M. Browner and is comprised of the heads of 11 agencies and several White
House offices, including the Departments of Agriculture, Commerce, Defense, Energy, Hous-
ing and Urban Development, Health and Human Services, Interior, Justice, Labor, and Trans-
portation; the Council of Economic Advisors; Council on Environmental Quality; Domestic Pol-
icy Council; Office of Management and Budget; and Office of Science and Technology Policy.
The Nuclear Regulatory Commission and National Aeronautics and Space Administration also
have participated in IWG.

IWG provides guidance to federal agencies on criteria for identifying disproportionately high
and adverse human health or environmental effects on minority and low-income populations;
it also coordinates, provides guidance, and serves as a clearinghouse for each agency as it
develops an environmental justice strategy to ensure consistent administration, interpreta-
tion, and enforcement of programs, activities, and policies. IWG is also responsible for coor-
dinating and stimulating cooperation among agencies in their research efforts.

The executive order also directs each federal agency to do the following:

* Develop an agencywide environmental justice strategy, to be completed within 12
months of the date of the order. As part of this strategy, each agency was required
to identify and begin work on several specific environmental justice projects. The
agencies are required to report on their progress to IWG, which compiles this infor-
mation and submits it to the President on an annual basis.

« Include diverse segments of the population in epidemiological and clinical studies,
including segments at high risk from environmental hazards, such as minority pop-
ulations, low-income populations, and workers. It emphasizes the need for environ-
mental human health analyses to consider multiple and cumulative exposures.

« Provide minority and low-income populations with the opportunity to participate in the
development and design of research strategies.

« Collect, maintain, and analyze information on the consumption patterns of popula-
tions that principally rely on fish and/or wildlife for subsistence.

The executive order explicitly encourages public participation by stating that the public may
submit recommendations to federal agencies relating to the incorporation of environmental
justice principles into federal agency programs or policies. It allows each federal agency to
translate crucial public documents, notices, and hearings relating to human health or the envi-
ronment for limited-English-speaking populations; and requires that each agency ensure that
these documents, notices, and hearings be concise, understandable, and readily accessible
to the public.
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Box 6.3
Historical Measures to Reduce Lead Exposure

Since the late 1970s, the U.S. government has taken specific actions to reduce lead expo-
sures in the national population, largely by mandating that manufacturers eliminate lead from
their products.

* In 1976, a total of 186.47 million kg of lead was used in gasoline in the United States.
By 1983, this amount had dropped to 51.59 million kg; and by 1990, lead used in
gasoline had been reduced to 0.47 million kg.

* The amount of lead used in soldered cans decreased markedly throughout the 1980s.
In 1980, 47 percent of food and soft drink cans were lead soldered. By 1985, this
figure had dropped to 14 percent; by 1990, only 0.85 percent of food and soft drink
cans were lead soldered. As of November 1991, lead-soldered food or soft drink cans
were no longer manufactured in the United States.

« In 1978, the amount of lead in lead-based paint was limited to less than 0.06 percent
by weight.

These measures have been effective in reducing overall exposures to lead hazards. Still,
lead-based paint remains a problem, predominantly in older, deteriorating housing stock.
Eliminating the hazards of lead-based paint will require more than just removing lead from
manufactured products; instead, it must be addressed as a holistic environmental justice con-
cern, not simply a housing health or environmental issue. A new strategy that considers the
economic and racial parameters of lead exposures and how to address them is needed to

reduce lead hazards for all populations.

The executive order and its accompa-
nying memorandum reinforce the need
to look at how environmental hazards,
and the government policies intended to
address them, affect different groups
within society. The purpose of the execu-
tive order is to heighten sensitivity to pos-
sible environmental inequities and to
avert disproportionately high and adverse
human health or environmental effects
of government programs, policies, and
activities on minority and low-income
populations.

The executive order has made envi-
ronmental justice a governmentwide ini-
tiative, implemented through a wide
range of programs, including reducing
lead exposures in minority children and

preventing asthma deaths, initiating
research about the cumulative effects of
environmental exposures in minority and
low-income populations, and conducting
community outreach and education. A
key component of all these programs is
giving affected communities the informa-
tion and voice they need to contribute
effectively to the environmental decision-
making process. Furthermore, the order
acknowledges that developing solutions
to local human health and environmen-
tal problems requires the combined
efforts of federal, state, local, and tribal
officials in collaboration with local com-
munities, universities, and private enter-
prises.
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Below are descriptions of some of the
Administration's more recent accom-
plishments in response to the executive
order; these provide a sample of some
successful projects in which federal agen-
cies are demonstrating progress toward
environmental justice through new part-
nerships.

Reducing Lead Poisoning among
Children

Largely as the result of federal efforts
to remove lead from gasoline and sol-
dered cans, blood lead levels in children
have decreased significantly since the late
1970s (see Box 6.3). Between 1976 and
1991, the percentage of U.S. children
aged 1 to 5 years with blood lead levels
above 10 micrograms per dry liter (ug/dl)
decreased from 88.2 percent to 8.9 per-
cent. Despite these national efforts, how-

ever, lead poisoning remains one of the
major health hazards to America's chil-
dren under the age of 6. Approximately
1.7 million children still have blood lead
levels exceeding the 10 ug/dl level desig-
nated as acceptable by the Centers for
Disease Control and Prevention (CDC).
The highest average blood lead levels are
found among poor, urban, African Amer-
ican and Hispanic children (see Table
6.1). Often, these children live in older,
deteriorating buildings and are exposed
to lead in peeling paint and dust.

In response to this public health
threat, several U.S. agencies have made
reducing lead a top priority. Since 1992,
the Department of Housing and Urban
Development (HUD) has awarded a total
of $279 million in grants to reduce lead
hazards in low-income housing. The
grant program supports activities such as
public education (using local media and

Table 6.1

Percentage of U.S. Children Aged 1 to 5 Years with Blood Lead Levels
10 pg/dl or Greater by Race/Ethnicity, Income Level, and Urban Status: 1988-1991

Income/ Non-Hispanic Non-Hispanic Mexican
Urban Status Total White Black American
Low income 16.3 9.8 284 8.8
Mid income 5.4 4.8 8.9 5.6
High income 4.0 4.3 5.8 0*
Central city = 1 million 21.0 6.1* 36.7 17.0
Central city < 1 million 16.4 8.1 22.5 9.5
Non-central city 5.8 5.2 11.2 7.0

*Estimate may be unstable due to small sample size.

Source: See References, Brody et al.

CHAPTER SIX

115




Environmental Justice

community-based organizations to ensure
widespread dissemination in the neigh-
borhoods where lead poisoning is most
prevalent), paint inspection and risk
assessments, low-cost interim controls,
and lead abatement. In several innovative
public housing projects, unemployed res-
idents are being trained to become lead
testing and abatement workers, thus
incorporating economic development
through job creation into the program.

In 1994, HUD and CDC jointly fund-
ed competitive grants to Chicago and
Providence, Rhode Island, to develop
comprehensive, innovative lead poison-
ing prevention programs in targeted low-
income neighborhoods. Local residents
are involved in the planning and imple-
mentation of these local strategies. The
Environmental Protection Agency (EPA)
has also established community-based
partnerships with other federal agencies
and cities, such as Boston and Washing-
ton, D.C., to develop lead abatement
projects which involve training, inspec-
tions, and remediation of lead-contami-
nated housing. In Boston, the state, city,
Roxbury Community College, and local
community groups are training unem-
ployed workers in a minority community
in how to remove harmful lead paint
from homes and bridges. Not only does
this program encourage members in
these communities to become involved
in the restoration of their environment, it
also gives minority contractors an oppor-
tunity to bid for state and city lead paint
abatement contracts, providing much-
needed jobs and income.

Seeking Equity in Siting
Hazardous and Nonhazardous
Facilities

The environmental justice movement
was catapulted to national attention
because of public concern regarding the
siting of hazardous waste facilities. In
1987, the United Church of Christ study,
Toxic Wastes and Race in the United
States, found that in 1980 the proportion
of minorities in communities with a haz-
ardous waste facility was nearly double
that in communities without one. Where
two or more such facilities were located,
the proportion of minorities was more
than triple. In 1994, the Center for Policy
Alternatives, the National Association for
the Advancement of Colored People, and
the United Church of Christ released a
second study, Toxic Wastes and Race
Revisited, which found that in 1993
minorities were even more likely than
whites to live in communities with com-
mercial hazardous waste facilities than
they were in 1980 (Figure 6.2).

However, other studies, such as one
conducted by the Social and Demo-
graphic Research Institute of the Univer-
sity of Massachusetts-Ambherst, found no
consistent national level of association
between the location of commercial haz-
ardous waste facilities and the percentage
of blacks and Hispanics residing nearby.
Indeed, a June 1995 report issued by the
General Accounting Office (GAO)
reviews 10 separate studies addressing the
demographics of people living near haz-
ardous waste facilities and found that
only 3 of these 10 studies concluded that
minorities and low-income people were
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disproportionately represented in these multiple waste facilities, and that these
areas. Two studies concluded that there  facilities are a concern for community

was no significant association between residents. Thus, addressing community
the location of the sites and minority pop- concerns and reevaluating procedures by
ulations; three studies were split as to which industries and waste facilities are
whether minorities were disproportion- sited should be among the nation's top
ately affected by the location of waste environmental justice priorities.
facilities; two drew no conclusions from For example, EPA has been working

the data. The GAO report notes, howev-  with the city of Chester, Pennsylvania, to
er, that all of the studies were limited by  address concerns about waste facility sit-
study design and underlying assumptions, ing. The city has one of the highest con-
data availability, lack of time-series analy- centrations of industrial facilities in the
sis, and insufficient information on actual state and hosts a number of waste pro-
human exposures to harmful materials. cessing plants and two oil refineries. All
Despite the current lack of consensus  solid waste from Delaware County is

among studies, the Administration has incinerated in Chester, and at least 85
made it clear that it is important to be percent of the county's raw sewage and
aware of the possibility that some com- associated sludge is treated there as well.

munities may be faced with the siting of  Plans to build a large infectious medical

Figure 6.2 Hazardous Waste Facilities
Areas Containing Commercial Hazardous Waste Facilities and
Above-Average Numbers of African Americans, Asians and Hispanics
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waste facility were also recently approved.
Many of these sites are located close to
residential neighborhoods. In fact, a clus-
ter of waste treatment facilities has been
permitted within 100 feet of approximate-
ly 200 Chester residences.

Residents in Chester have long argued
that they house a disproportionate share
of the area's wastes and complain of fre-
quent illnesses. Among all Pennsylvania
cities, Chester has the highest infant mor-
tality rate, the lowest birth rate, and one
of the highest death rates due to certain
malignant tumors. In response to commu-
nity concerns, EPA's regional office initi-
ated two studies to assess environmental
regulatory and pollution issues in the city
of Chester. The first 30-day study focused
on enforcement actions; it just recently
issued field citations to a number of
underground storage tanks in the neigh-
borhood. In addition, a 180-day study,
conducted by a team of toxicologists
working with state and local officials, is
assessing all available environmental data
and human exposure pathways using geo-
graphical information systems mapping.

In Brooklyn's Greenpoint and
Williamsburg communities, minority and
low-income residents have long com-
plained that their neighborhoods appear
to be the city's dumping grounds. These
two communities have a significant con-
centration of factories, solid waste trans-
fer stations, hazardous waste storage facil-
ities, sewage treatment plants, and
incinerators. The New York Department
of Environmental Protection, in con-
junction with several EPA headquarters
offices and local community groups,
formed a partnership for environmental

protection. The partnership identified
the community's top priority as being
able to monitor the waste facilities to
ensure that industries meet environmen-
tal standards. To this end, "environmen-
tal scorecards" were developed for com-
munity members to prepare compliance
profiles of local industrial and municipal
facilities. Using the data from the score-
cards, the city has developed new
enforcement strategies which are impor-
tant steps toward environmental cleanup.

Reducing Risks from Contami-
nated Fish Consumption

Some minorities are more likely to be
exposed to certain chemical contami-
nants in the food supply due to dietary
differences. For example, Native Ameri-
cans, Chinese, Vietnamese, and Laotian
populations may consume, on average,
greater quantities of fish as part of their
daily diet. EPA has historically set stan-
dards based on national averages of fish
consumption, not accounting for the fact
that certain cultures may rely on fish for
a greater share of their protein. But this
orientation is changing. A draft EPA
notice for a water permit to discharge
effluent containing dioxin from a paper
and pulp facility into the Penobscot River
noted that the Penobscot Indian Nation
had a fish consumption rate nearly twice
the national average. These populations
thus may be at a much greater health risk
from dioxin in fish.

The Administration is taking action to
provide greater public health protection
for those populations that, for cultural or
economic reasons, consume greater
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quantities of fish. As part of regular proce-
dures to protect human health, states
issue consumption advisories that inform
the public that high concentrations of
chemical contaminants have been found
in local fish and wildlife. A complete
database of these advisories, the National
Listing of Fish and Wildlife Consump-
tion Advisories, is maintained by EPA's
Office of Water to help water quality offi-
cials and the public identify where fish
contamination is an issue of concern.
(See Chapter 5, “Environmental Aspects
of Human Health.”)

More recently, as required by the
executive order, federal agencies have
begun to collect information on food
consumption patterns among those popu-
lations that rely on fish and/or wildlife for
subsistence. EPA and the Departments of
Agriculture, Defense (DOD), Energy
(DOE), and the Interior (DOI) have all
launched efforts to study this issue and
improve communication with popula-
tions at risk. For instance, in the Colum-
bia River Basin—an area with known
dioxin contamination—a fish consump-
tion study is under way of the Umatilla,
Nez Perce, Yakama, and Warm Spring
Tribes. Other programs include research
on the effects of Native American cook-
ing practices on mercury concentrations
in various fish species prepared for con-
sumption. These studies and the data and
information gathered through them
could greatly improve the development
of more relevant and protective water
quality criteria for all populations, regard-
less of income or race/ethnicity.

Revitalizing "Brownfields"

Throughout the United States, com-
munities are faced with increasing num-
bers of "brownfields"—empty buildings
on contaminated lots that no one wants
to develop. While the exact scale of the
brownfield problem is unknown, EPA
estimates that the number of contaminat-
ed sites ranges from 100,000 to 500,000,
of which 27 percent are located in urban
areas. In addition to posing potential
health hazards, brownfields contribute to
the poverty in these communities by
impeding economic revitalization.

On March 11, 1996, the President
announced a brownfield tax incentive
that would encourage the cleanup and
redevelopment of abandoned or under-
used contaminated properties in cities
and rural areas across the country. Under
the President’s proposal, environmental
cleanup costs would be fully deducted in
the year in which they were incurred.
The $2 billion incentive—fully paid for
in the President’s seven-year balanced
budget—is expected to leverage $10 bil-
lion in private investment, returning
potentially 30,000 brownfields to produc-
tive use. The tax incentive would be
available in existing EPA brownfield pilot
areas, in areas with a poverty rate of 20
percent or more, in adjacent industrial or
commercial areas, and in Empowerment
Zones and Enterprise Communities.

The President's announcement builds
on the momentum of EPA's Brownfields
Action Agenda unveiled in January 1995.
EPA has launched a major initiative to
encourage cleanup and revitalization of
idle, abandoned, or underused industrial
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or commercial facilities where opportuni-
ties for redevelopment are complicated
by existing or potential environmental
contamination. The Brownfields Eco-
nomic Redevelopment Initiative is
designed to help states, communities,
and private enterprises work together to
prevent, assess, safely clean up, and sus-
tainably reuse brownfields. In 1995--96,
EPA aimed to fund at least 50 brownfield
pilots to support creative two-year explo-
rations and demonstrations of brownfield
solutions. In addition, the agency's Sus-
tainable Industries Initiative supports
environmentally safe and economically
sustainable industries wanting to develop
in these areas.

Other agencies are also taking an
active role in addressing the brownfield
problem. The Department of Com-
merce, through its Economic Develop-
ment Administration, is working to
ensure that sound environmental and
economic development principles are fol-
lowed and that assessment and cleanup
activities are linked with economic rede-
velopment opportunities. The Depart-
ment of Labor is providing important
resources to leverage job training activi-
ties in brownfield pilot cities. EPA and
HUD are working together on brownfield
redevelopment opportunities on pilots in
Empowerment Zones and Enterprise
Communities. In addition, an Intera-
gency Task Force on Brownfields was
established to stimulate the creation of
additional partnerships to provide com-
munities with assistance on key issues
such as community involvement, work-
force development, and health risks.

Some efforts are already demonstrat-
ing some measure of success. In Cleve-
land, the percentage of land made up of
vacant parcels increased from 9 percent
in 1977 to 12.5 percent in 1987.
Responding to this challenge, a coalition
of businesses, community development
corporations, Cuyahoga County officials,
neighborhood groups, and other citizens
began to work together to tackle the
brownfield problem. In 1992, the Cuya-
hoga County Planning Commission con-
vened a symposium to discuss brownfield
redevelopment strategies. The following
year, a multistakeholder Brownfield
Working Group analyzed the problem of
brownfields and made recommendations
to the planning commission. Since then,
Cleveland has received funding from
EPA for two demonstration projects. The
planning commission is using an EPA
grant to streamline the remediation and
redevelopment process of at least three
brownfield sites. As part of the project,
the commission is to identify financial
and regulatory barriers and recommend
ways to remedy them. So far, the project
has already produced $3.2 million in new
private investment, including the estab-
lishment of a new distribution center that
has generated more than 170 new jobs in
the area.

Improving Information

The Administration has also stressed
the need to gather data on exposure and
risk levels so as to be able to determine
whether there are disproportionately high
and adverse human health effects in dif-
ferent population subgroups. To date,

120

ENVIRONMENTAL QUALITY



Environmental Justice

information about the cause-and-effect
relationships of many pollutants are still
unclear. Furthermore, questions about
multiple exposures and how different
chemicals may be working synergistically
to affect human health have not been
answered. For example, do current
health and environmental standards pro-
tect populations exposed to multiple haz-
ards? What new approaches, criteria, and
programs are needed to ensure that they
do?

New technologies and advancements
in science are helping answer some of
these questions. For example, geographi-
cal information systems are being used to
combine land use, population character-
istics, and the location of environmental
hazards in one map. The Census Bureau,
EPA, Nuclear Regulatory Commission,
and other agencies have worked together
to develop LandView Il, a computerized
spatial display of information that will
help federal agencies analyze data about
the demographic composition of areas
surrounding federal facilities. DOE has
drafted a tutorial for users of LandView Il
in characterizing populations surround-
ing the facilities.

In 1994, President Clinton issued
Executive Order 12906, Coordinating
Geographic Data Acquisition and Access:
The National Spatial Data Infrastructure
(NSDI). The order outlines a number of
federal agency actions to foster develop-
ment of NSDI, which is designed to pro-
vide a foundation for more efficient col-
lection, management, and use of data.
The order also reinforces the Federal
Geographic Data Committee's leader-
ship role in directing federal coordination

and federal-state-local cooperation in
sharing spatial data. The goal of the exec-
utive order is to achieve better access to
higher quality geospatial data at lower
costs and to make those data available to
all interested parties.

The Administration is also encourag-
ing interagency projects that will help
identify and reduce the impacts of envi-
ronmental hazards on human health.
One of these projects, the Mississippi
Delta Project, is the largest geographic-
specific public health initiative ever
mounted to study the association
between hazardous environmental expo-
sure and health effects in minority and
low-income communities. Government
agencies participating include the
Agency for Toxic Substances and Disease
Registry, CDC, EPA, and the National
Institutes of Health. In addition, the pro-
ject will rely on workgroups that include
representatives from government, state
health and environmental agencies, local
universities, and community-based orga-
nizations. The project covers 219 coun-
ties in seven states (Arkansas, Illinois,
Kentucky, Louisiana, Mississippi, Mis-
souri, and Tennessee), and more than 8.3
million people. The Mississippi Delta
area has a high concentration of trans-
portation routes, heavy and petrochemi-
cal industries, waste sites, and other facili-
ties; yet the health impacts of these
facilities—especially on minority and
low-income communities—are not well-
known. In Phase 1 of this three-phased
project, the study will attempt to identify
the key environmental hazards that
might affect high-risk communities as
well as evaluate the public health impact
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on high-exposure populations. Phases 2
and 3 will focus on identifying needs and
developing and implementing successful
interventions to protect human health.

As in all its activities, the Administra-
tion is making sure to include communi-
ties in the design and implementation of
studies to gather information about
health impacts. In 1994, an agencywide
symposium was held on Health Research
and Needs to Ensure Environmental Jus-
tice. The symposium was a collaborative
project involving the public in identify-
ing research programs needed to fill data
gaps in critical areas of health, exposure,
prevention, and intervention. The
cosponsors of the conference included
DOE and the Department of Health and
Human Services' National Institute of
Environmental Health Sciences, the
National Institute of Occupational
Health and Safety, the Agency for Toxic
Substances and Disease Registry, the
National Center for Health, and EPA.
Over 1,300 people—many from local
communities around the country—
attended a series of sessions dealing with
respiratory diseases, lead poisoning, haz-
ardous waste problems, pesticides expo-
sure, workplace hazards, and Superfund-
related problems.

Empowering Communities

Historically, minority and low-income
groups have not been involved in envi-
ronmental decisionmaking, and few pro-
grams have been designed to reach out to
these populations. One of the major
accomplishments, and continuing goals,
of the Administration is to level the play-

ing field and provide communities with
the information they need in order to be
active participants in environmental deci-
sionmaking processes. Involving stake-
holders and developing partnerships with
local groups is critical to achieving envi-
ronmental protection for all communi-
ties.

Public meetings have proven to be an
effective forum for increasing community
participation in environmental decision-
making. Executive Order 12898 explicit-
ly states that the Interagency Working
Group should hold public meetings to
receive comments, questions, and recom-
mendations regarding environmental jus-
tice issues. On January 20, 1995, a public
meeting on environmental justice was
conducted at Clark Atlanta University in
Atlanta, Georgia. Over 350 people,
including representatives from 10 federal
agencies, attended the day-long meeting.
In addition, an estimated 1,000 people
watched the evening session, which was
televised via satellite to approximately 40
locations across the nation including
Puerto Rico. The purpose of the meeting
was to provide an opportunity for the
public to share concerns and recom-
mend changes in the agencies' environ-
mental justice strategies.

In addition to public meetings, the
Administration has made a wide variety
of information available electronically.
For example, through the Internet, the
public can now directly access databases
including the Toxics Release Inventory,
scientific reports, and information regard-
ing current major announcements. EPA's
Office of Pollution Prevention and Toxics
is developing a set of user-friendly com-
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puterized spatial analysis tools so that
communities can analyze their proximity
to possible environmental hazards. The
Administration has begun to address lan-
guage differences as well, and publishes
many environmental and other policy
documents in multiple languages. EPA's
Office of Radiation and Indoor Air, for
example, published meeting and hearing
notices in Spanish-language newspapers
and has provided Spanish-language mate-
rials and a translator at all public meet-
ings and hearings. The National Estuary
Program has produced multilingual signs
and brochures alerting non-English-
speaking groups, such as Chinese, Viet-
namese, and Laotian populations, of the
dangers of eating contaminated fish. The
Department of Transportation is taking
greater care to involve communities in
decisions about highway and other road
sitings.

The case of McFarland, California,
shows that communities can often find
innovative ways to use existing legislation
when provided with information about
policies relevant to environment and
health. A small, low-income, mostly His-

panic, agricultural town, McFarland's res-

idents have been concerned about
increased incidences of cancers; fetal
deaths; low birth weights; and a number
of health effects perhaps attributable to
unprotected exposure to pesticides,
arsenic, lead, and other heavy metals. A
health assessment conducted by the Cali-
fornia Department of Health and Human
Services from 1984 to 1991 indicated no
significant increased levels of cancer but
recommended that additional studies

were needed to evaluate air and dust
pathway exposures to pesticides.

In 1996, the citizens of McFarland
petitioned EPA under Superfund and
Executive Order 12898 to reinvestigate
the continued health problems. Although
pesticide concerns have not generally
been addressed under Superfund legisla-
tion, residents contended that the pesti-
cide dust drift has created a hazardous
waste site. EPA Region 9 is recommend-
ing that the agency grant the petitioners'
request for preliminary assessment and
investigation under Superfund and that a
multimedia approach be used to investi-
gate all exposure pathways, including
drinking water, soil, and indoor and out-
door air exposures. EPA is also develop-
ing community involvement plans which
include interviews with residents to
record concerns; community input to
EPA sampling plans; local information
repository, fact sheets, and community
meetings; and identification of potential
funding sources for community groups to
organize outreach efforts.

Enforcing Environmental and
Civil Rights Laws

The memorandum that accompanied
Executive Order 12898 states that "appli-
cation of existing statutory provisions is
an important part of this Administration's
efforts to prevent those minority commu-
nities and low-income communities from
being subject to disproportionately high
and adverse environmental effects."
Since the issuance of the executive order,
the Department of Justice (DOJ) has
worked with EPA and other federal agen-
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cies to fulfill this mandate by enforcing
environmental and civil rights laws in a
manner that helps ensure that all people
live in a safe and healthy environment.

For example, as part of an effort to
address recurring environmental prob-
lems such as illegal dumping, the U.S.
Attorney's Office for the District of
Columbia and DOJ's Environment and
Natural Resources Division brought
criminal action against a company presi-
dent and employee for illegally disposing
of waste chemicals in a residential dump-
ster of a minority, low-income public
housing complex in the District of
Columbia. Both defendants pleaded
guilty to one felony count under the
Resource Conservation and Recovery
Act. In the U.S. Attorney's Office in
Philadelphia, a local subsidiary of a St.
Louis corporation pleaded guilty to vio-
lating the Clean Air Act by illegally
dumping debris contaminated with
asbestos onto a private lot located in a
low-income neighborhood in southwest
Philadelphia. The respondent agreed to a
$1 million remediation plan.

Where possible, DOJ has undertaken
efforts to consult with and inform com-
munities of environmental enforcement-
related matters.

FUTURE CHALLENGES

Throughout the federal government,
efforts to integrate environmental justice
considerations into federally conducted
and supported programs continue, and
many new projects are only just begin-
ning. One of the goals for the future is to

increase the understanding of how envi-
ronmental exposures affect human
health, especially among minority and
low-income communities. In particular,
understanding the risks posed by multiple
industrial facilities, cumulative and syner-
gistic effects, and multiple and different
pathways of exposure will be critical in
quantifying the disproportionate burden
of environmental hazards on the health
and well-being of minority and low-
income populations. EPA's Office of Poli-
¢y, Planning and Evaluation has begun
work on a cumulative exposure project
which will assess cumulative exposure
from air toxics; pollutants in drinking
water; and pollutants in food across pop-
ulations, communities, and geographic
areas. The project's goal is to help focus
environmental policies on those commu-
nities and populations with the greatest
cumulative exposures and help aim
resources at the most important sources
and pollutants.

A second goal will be for all federal
agencies to work toward integrating envi-
ronmental justice concerns into the
NEPA process, as directed by the Presi-
dent's accompanying memorandum to
Executive Order 12898. The Council on
Environmental Quality is currently draft-
ing guidance for agencies on how to
incorporate environmental justice con-
cerns into the NEPA process. DOD,
DOE, DOI, and EPA have also been tak-
ing steps toward this goal. For example,
DOl issued the Environmental Compli-
ance Memoranda on Environmental Jus-
tice and Trust Resources, which revises
NEPA guidelines to require environmen-
tal justice consideration within the pro-
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gram offices. Accordingly, in Olympic
National Park, Washington, DOI incor-
porated environmental considerations in
its NEPA process and developed the
Elwha River ecosystem restoration pro-
ject. The National Park Service worked
closely with the Lower Elwha S'Klallam
Tribe in developing two environmental
impact statements and by creating jobs
for tribal members. Restoration of the
Elwha River ecosystem improved the

native fisheries, primarily for salmon fish-

eries, and improved recreational use of
the park. The Air Force developed a
model for environmental justice analysis
and used it as part of the development of
their base closure process. This model
has been inserted into the environmental
impact statements for two base disposal
actions.

CONCLUSION

While much work remains to be done,
the Administration has made important
first steps toward raising awareness about
environmental justice issues and taking
appropriate actions so that no one—
regardless of race, color, national origin,
or income—suffers disproportionately
from adverse human health or environ-
mental effects; and that all people live in
clean, healthy, and sustainable commu-
nities. Furthermore, the Administration is
committed to ensuring that those who
must live with environmental decisions—
community residents; environmental
groups; state, tribal, and local govern-
ments; businesses—are given every
opportunity to participate in the making
of those decisions.
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CHAPTER SEVEN

Ecosystems

E cosystems may be thought of in
structural terms—as a systematic col-
lection of species and processes that have
a recognizable form, such as tallgrass
prairies, coastal salt marshes, redwood
forests, or high desert. Ecosystems some-
times are described as geographically
defined ecological units, consisting of
groupings of plants and animals and their
surrounding environment, with character-
istics shared in common. Watersheds, for
example, are useful representations of
ecosystems.

In a 1995 report, Defenders of Wildlife
describes ecosystems as “a characteristic
community of interdependent plants, ani-
mals and microorganisms associated with
particular kinds of soil, temperature, rain-
fall and disturbance patterns.” To identify
at-risk ecosystems (see Figure 7.1),
Defenders of Wildlife categorizes plant-
animal communities in an easily recogniz-
able manner, e.g., grasslands, forests, and
wetlands.

The Interagency Ecosystem Manage-
ment Task Force defined an ecosystem as
“an interconnected community of living
things, including humans, and the physi-
cal environment within which they inter-
act.” The task force did not, however,
identify specific types of ecosystems, nor
did it delineate ecosystem boundaries on a

map. Instead, it acknowledged that geo-
graphic boundaries appropriate for
addressing one issue may not work for
another. It concluded that, in most ecosys-
tem protection efforts, a practical defini-
tion of the ecosystem can be determined
by the participants themselves. The
boundaries should have an ecological
basis, and should encompass the problem
for which a solution is being sought.

Ecosystems and ecological communi-
ties are the underpinning for the health,
vitality, and diversity of all of the individ-
ual species that inhabit the ecosystems.
Conservation efforts must be applied with
broader scope than traditional species-by-
species focus allows.

BACKGROUND

Categories and Current Status of
Ecosystems

The National Biological Service of the
Interior Department organizes ecosystems
into four broad categories: terrestrial,
aquatic, coastal and marine, and riparian.
The following paragraphs summarize the
current status of these ecosystems.

e Terrestrial Ecosystems. Change has

been a natural part of terrestrial ecosys-

tems throughout history; in recent
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Figure 7.1 Endangered Ecosystems

Ecosystem risk index
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Source: R.E. Noss and R.L. Peters, Endangered Ecosystems: A Status Report on America's Vanishing Habitat
and Wildlife (Defenders of Wildlife, Washington, DC, 1995).

Note: The ecosystem risk index is a scaled score reflecting how many of the 21 most-endangered ecosystems
occur in each state. Values range from O to 8, with 8 signifying the greatest risk.

years, human intervention has been
the principal agent of change. Dis-
ease, fire suppression, pollution, con-
versions to other uses, exotic species,
noxious weeds, harvesting activities
such as logging, and global climate
change are among the numerous vari-
ables that can affect terrestrial ecosys-
tems.

e Aquatic Ecosystems. Aquatic
ecosystems have been severely degrad-
ed in the last century in the United
States. Natural aquatic systems have
been altered for transportation, divert-
ed for agricultural and municipal
needs, straightened, dammed, and
polluted.

e Coastal and Marine Ecosystems.
The quantity and health of the
nation’s coastal and marine resources
have declined over time at the species,

Figure 7.2 Chesapeake Bay
Watershed Forests, 1650-1990
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Source: Chesapeake Bay Program.
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community, and ecosystem levels.
Urbanization, shoreline modification,
overfishing, high-density recreational
use, and other human activities have
been the major factors contributing to
this decline. (See Figure 7.2 for an
example of this phenomenon.)

< Riparian Ecosystems. Stream bank
and floodplain ecosystems, particular-
ly in the West, have been greatly
altered over the last 200 years, largely
as a result of water development pro-
jects, clearing of trees, overgrazing by
livestock, agricultural conversion,
urban growth, and invasions of non-
native plants. (See Figure 7.3 for an
example of alteration in this ecosystem
category over time.)

Assessing Ecosystems

Within these four broad categories are
many smaller ecological units. The rela-
tive condition of these units has been
examined recently by Defenders of
Wildlife, the World Wildlife Fund, and
The Nature Conservancy.

In its 1995 report, Defenders of
Wildlife listed the 21 “most-endangered”
ecosystems in the United States (see Fig-
ure 7.1). The three highest ranking
ecosystems were the South Florida land-
scape, Southern Appalachian spruce-fir
forest, and longleaf pine forest and savan-
na. The sources of threat to these ecosys-
tem types vary, ranging from human pop-
ulation growth in Florida to acid fog and
an insect pest in the Southern Appalachi-
ans; the longleaf pine and savanna com-
munities have been replaced by agricul-

ture, tree farms, and by the invasion of
hardwood forests (Table 7.1).

The ranking used by Defenders of
Wildlife was based on four criteria:
decline in original area since European
settlement, present area (rarity), immi-
nence of threat, and number of federally
listed threatened and endangered species.
But the report acknowledges that there
may be a need to supplement risk with
other criteria, including ecological value,
scientific value, and the economic and
political feasibility of conservation (Fig-
ure 7.4).

The World Wildlife Fund is also work-
ing to identify high-priority ecoregions in
the United States; it is doing so as part of
a North American conservation assess-
ment. This project seeks to set priorities
on national, continental, and global
scales. It considers not only the conserva-
tion status but also the biological distinc-

Figure 7.3 LMRAP Bottomlands,
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Source: U.S. Fish and Wildlife Service.
Note: LMRAP = Lower Mississippi River Alluvial Plain.
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tiveness of ecoregions. The World
rEsle 7 Wildlife Fund’s biological distinctiveness
The 21 Most Endangered criteria include species richness,
Cegsyeiams o dne LTz Seies endemism, presence of rare ecological
and evolutionary phenomena, and rarity
of habitat type. Conservation status crite-

South Florida Landscape

Slgg:gsetm Appalachian Spruce-Fir ria include the percentage of native origi-
nal habitat lost, presence of large blocks

Longleaf Pine Forest and Savanna of original habitat, degree of habitat frag-
Eastern Grasslands, Savannas, mentation and degradation, and degree
and Barrens of protection. The World Wildlife Fund
Northwestern Grasslands and has preliminarily identified 19 high-prior-
S ity ecoregions for terrestrial biodiversity
California Native Grasslands conservation and 7 areas for freshwater
Coastal Communities in the Lower biodiversity conservation.

48 States and Hawaii Vegetation structure and plant species
Southwestern Riparian Forests composition are being used by The

o Nature Conservancy and Network of
Southern California Coastal Sage

Shrub
Hawaiian Dry Forest

Large Streams and RIvers in the
Lower 48 States and Hawaii

Cave and Karst Systems
Tallgrass Prairie

California Riparian Forests and
Wetlands

Florida Scrub
Ancient Eastern Deciduous Forest
Ancient Forest of Pacific Northwest

Ancient Red and White Pine Forest,
Great Lakes States

Ancient Ponderosa Pine Forest
Midwestern Wetlands

Southern Forested Wetlands

Source: Reed F Noss and Robert L. Peters, Endan- South Florida Landscape. This vanishing habi-
gered Ecosystems: A Status Report on Americas Van- tat is one of America’s 21 most-endangered
ishing Habitat and Wildlife (Defenders of Wildlife, ecosystems.

Washington, DC, 1995). Photo Credit:

National Park Service
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Figure 7.4 Ecosystems With
Losses of 70% of Original Area

Shrub-
lands (10)
Grass-
Other
wetlands lands

Aquatic

(15)

Forests
(45) Forested
wetlands

(15)

Source: Noss, et al. Endangered Ecosystems of the
United States: A Preliminary Assessment of Loss and
Degradation (NBS, Washington, DC, 1995).

Note: Number of ecosystems are in parenthesis.

Natural Heritage Programs in collabora-
tion with the Federal Geographic Data
Committee to develop a framework for
the classification of ecological communi-
ties in the United States. Approximately
4,000 ecological communities have been
identified using this framework. The con-
servation status of each is being assessed
based on rarity and threat.

More specifically, within the lower 48
states, 371 globally rare terrestrial vegetat-
ed communities have been identified and
described. An additional 300 such rare
communities are anticipated to be docu-
mented through this process. More than
half of these rare or threatened types
occur in the West (Figure 7.5). Most are
in the forest class, followed by the wood-
land, shrubland, and herbaceous classes.
The Nature Conservancy cites fire sup-
pression as having pushed many forest
types to this level of rarity; flood-control
and water diversion projects have similar-

ly affected many of the forest and wood-
land riparian types. Herbaceous commu-
nities have been adversely affected by
overgrazing and—to a lesser degree—
direct agricultural conversion.

WHAT CAN BE DONE?
Collaboration Is Key

Protecting ecosystems and ecoregions
is not something any single landowner
can accomplish alone, since in most
cases these areas may encompass many
different political jurisdictions and pat-
terns of land ownership. An important
part of any ecosystem protection strategy,
therefore, is to bring together all affected
parties to build new cooperative agree-
ments. We already can point to a few
models, such as the cooperative effort to
improve conditions in the Chesapeake
Bay.

Cooperative ecosystem efforts are sup-
ported and enhanced by advances in

Figure 7.5 Rare Terrestrial Com-
munities, Western Region, 1994
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Source: Grossman, et al., Rare Plant Communities of
the Conterminous United States: An Initial Survey
(The Nature Conservancy, Arlington, VA, 1995).
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technology. When the National Environ-
mental Policy Act was passed in 1969,
only a few rudimentary maps were avail-
able to facilitate broad-scale analysis of
large expanses of land. Most map overlays
were done manually with transparent
sheets. There were no easy ways to inte-
grate, analyze, and compare the enor-
mous volumes of data needed for large-
scale analysis. With the advent of modern
computers, data systems, geographic
information systems, and networks, the
technological means are now widely
available to support the partnerships that
are required for evaluation and coopera-
tive management of large land areas. Sci-
ence and management, so often
strangers, can now be effective partners.

The Ecosystem Approach

The Clinton Administration has taken
a strong stand in favor of an ecosystem
approach to resource management in
concert with sustainable development.
This stance has its roots in the Vice Presi-
dent’s National Performance Review,
which called for federal government
agencies to adopt “a proactive approach
to ensuring a sustainable economy and a
sustainable environment through ecosys-
tem management.”

An Interagency Ecosystem Manage-
ment Task Force was established in
August 1993. One of its first accomplish-
ments was to establish a goal for the
ecosystem approach:

To restore and sustain the health,
productivity, and biological diversity
of ecosystems and the overall quality
of life through a natural resource

management approach that is fully
integrated with social and economic
goals.

As articulated by the task force, the
ecosystem approach emphasizes the fol-
lowing:

e Ensure that all relevant and identi-

fiable ecological and economic conse-

guences (long term as well as short
term) are considered.

< Improve coordination among feder-
al agencies.

e Form partnerships among federal,
state, and local governments; Indian
tribes; landowners; and other stake-
holders.

e Improve communication with the
general public.

e Carry out federal responsibilities
more efficiently and cost effectively.

« Use the best science.

< Improve information and data
management.

* Adjust management direction as
new information becomes available.

The task force conducted case studies
to learn about ecosystem efforts, identify
barriers to implementing the ecosystem
approach, and identify ways the federal
government could help overcome barri-
ers. Seven areas were used as case studies:
Anacostia River watershed, Coastal
Louisiana, Great Lakes Basin, Pacific
Northwest forests, Prince William
Sound, South Florida, and the Southern
Appalachians. The results of these case
studies have been published in three vol-
umes.
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To support the science underpinnings

of the ecosystem approach, the federal

interagency Committee on Environment

and Natural Resources is developing sci-

ence-based principles for ecosystem man-

agement and a predicting ecological
impacts of environmental change. This
will require that federal research and
development programs take a broader,
ecosystem approach, that the approach
be multidisciplinary, and that research
increase our understanding of the struc-
ture, function, and dynamics of ecologi-

cal processes, as well as the consequences

of societal action or inaction.

Barriers to the Ecosystem
Approach

The Interagency Ecosystem Manage-

ment Task Force identified several persis-

tent barriers that federal agencies face in
implementing the ecosystem approach

and in participating in ecosystem partner-

ship efforts initiated by others.

1. Federal Agency Coordination. A
coordinated and comprehensive

framework is essential to implement-
ing the ecosystem approach. Federal

resource management has traditional-

ly been characterized by specific mis-

sions, rigidly stratified and specialized
organizational structures, and the sub-

division of problems into narrowly
defined tasks.

2. Partnerships with Nonfederal
Stakeholders. The ecosystem
approach requires active partnerships

and collaboration with nonfederal par-
ties, particularly state, local, and tribal

governments; neighboring landown-

ers; hongovernmental organizations;
and universities. Although partner-
ships between the federal government
and nonfederal entities are not
uncommon, agencies need to
strengthen their own outreach pro-
grams and improve the ability of non-
federal entities to participate. Togeth-
er, they must also project and
articulate a desired ecosystem out-
come with a shared vision for the
future.

3. Communication between Federal
Agencies and the Public. Current
outreach activities must be strength-
ened. Coordination with the public is
generally perceived to be secondary to
the “normal” work of the agencies.
Regional offices typically lack special-
ized staff with experience in working
with the public. Most federal employ-
ees who should be interacting with the
public are not trained in the skills
needed for the public participation
aspects of the ecosystem approach—
educating the public, motivating peo-
ple to become involved, facilitating
public discussion, building consensus,
and resolving conflict.

4. Resource Allocation and Manage-
ment. Agency coordination in ecosys-
tem efforts can be improved by recog-
nizing the interdependency of agency
budgets. The ability of each agency to
take an ecosystem approach is affected
by its ability to budget for long-term
goals, organize around and fund inter-
disciplinary activities, and quickly
modify programs in response to new
information. Agency budget priorities
and structures, however, often reflect
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narrow, program-specific perspectives;
are driven by immediate concerns;
and are sometimes linked primarily to
the production of tangible outputs
such as commodities. Furthermore,
Congress makes funding decisions on
an agency-by-agency basis, making it
difficult to coordinate the funding of
interagency programs.

5. Knowledge Base and the Role of
Science. The existing information
base—what we know about what exists
in a place—and the existing knowl-
edge base—how well we understand
how ecological and economic compo-
nents function—are both inadequate
for many systemwide ecosystem analy-
ses. The linkage between scientists
and managers, and between natural
resource agencies and other agencies
and entities, is essential in establishing
a shared vision of desired ecosystem
conditions, specifying how the vision
can be achieved, and monitoring and
measuring progress toward goals.

6. Information and Data Manage-
ment. No single entity has the
resources or mandate to develop all
relevant information on any ecosys-
tem—or even the capability for locat-
ing and accessing information perti-
nent to an ecosystem that is available
from other sources. Some agencies are
sources for ecological data, others for
social and economic data. Managers
must have coherent and complete
information from all sources in order
to make reasonable decisions on
actions that affect the ecosystem.

7. Flexibility for Adaptive Manage-
ment. Adaptive management requires
a willingness to undertake prudent
experimentation consistent with
sound scientific and economic princi-
ples, and to accept occasional failures.
This contrasts with the strongly risk-
averse nature of most agencies and
managers. Agencies are hampered in
their efforts to adapt management
practices to new circumstances. As a
result, innovation is discouraged, new
knowledge is applied too slowly, and
inefficiencies persist to the detriment
of both resources and communities.

The Federal Advisory Committee
Act. In addition, the Federal Advisory
Committee Act (FACA) has caused some
problems in implementing the ecosystem
approach. FACA was passed by Congress
in 1972 to control the growth and opera-
tion of what was perceived to be a prolif-
eration of advisory groups of all kinds.
The act was designed to eliminate unnec-
essary advisory committees, limit the
establishment of new ones, and hold
existing committees to uniform standards
and procedures.

In most of the seven ecosystem case
studies, FACA was identified as an
impediment to adopting an ecosystem
approach. Interviewees reported, for
example, that citizen groups—even those
already established—do not meet
because of confusion over FACA require-
ments. Furthermore, agencies resist form-
ing groups that are necessary for plan-
ning, especially in the scientific area,
because the burden of FACA compliance
is greater than the benefit gained. In gen-
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eral, there was a great deal of confusion
over what kinds of communication were
allowed with whom, and the extent to
which these communications were regu-
lated by FACA.

Because stakeholder participation in
government decisionmaking and
improved coordination among federal,
state, and local decisionmakers are so
crucial to the ecosystem approach, the
issue of FACA compliance is likely to
arise with increasing frequency as federal
managers adopt an ecosystem approach.

Breaking Down and Getting Around
the Barriers. In most cases, the Intera-
gency Ecosystem Management Task
Force did not choose to recommend
changes to laws. It does, however, present
a series of recommendations in its report
to resolve many of problems identified.
Task force member agencies also have
signed a memorandum of understanding
committing their agencies to work toward
implementing the recommendations.

Regarding FACA, the task force rec-
ommended that the Administration revise
its policies to ensure that federal land
managers have adequate latitude to form
advisory committees in certain situations.
It also noted that FACA has been amend-
ed to create exemptions for state and trib-
al consultations (Unfunded Mandates
Reform Act, Title 11, Section 204, signed
by the President on March 22, 1995).
Additionally, in its three-volume report,
the task force recommended that intera-
gency training programs be established
that help government employees under-
stand how to maximize communication
and consultation with stakeholders and
the public within the context of FACA,;

and discusses some “do’s and don’ts”
regarding FACA.

WHAT IS BEING DONE?

The Ecosystem Approach in
Action

One of the real values of the ecosys-
tem approach is that it brings together
the parties that have an interest in a par-
ticular region, regardless of what side
they are on. All too often, people who
care about the region’s destiny have sim-
ply never sat together and talked about
where the region was going, what
changes they would like to see, or what
tools were available to shape the future.
Yet, people often live in particular areas
precisely because its ecological amenities
provide a special quality of life. The
ecosystem approach provides a forum for
working with others in the region to
ensure the conservation of important
ecological values.

Different groups bring varying
resources to the table. Land managers
have the ability to manipulate habitat
and land resources. Regulatory agencies
have authorities derived from their statu-
tory mandates. Local governments have
zoning authority to influence develop-
ment patterns and practices. Private
landowners have their own set of incen-
tives and opportunities. Other groups rely
on the power of public opinion to influ-
ence a result. The ecosystem approach
requires advocates of many positions to
seek common ground and work together
on areas of common agreement. The
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Riparian Zone Restoration. An ecosystem approach to regional resource management can bring
about powerful results when all stakeholders seek common ground and work together on areas
of common agreement.

Photo Credit:
U.S. Department of the Interior
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Box 7.1
The Ecosystem Approach in the Pacific Northwest

In the Pacific Northwest, we have, over the past century, acted as though cutting some
of the oldest trees on earth and suppressing fires would not have a long-term effect on the
ability of forests to continue to produce large amounts of harvestable timber—-or that activ-
ities associated with timber harvests would not compound the problem for salmon and other
anadromous fish. The economic consequences of our actions have been profound. A num-
ber of salmon stocks are now on the endangered species list. Forests have fire, insect, and
disease problems and cannot sustain historical levels of timber harvest. Individuals, com-
panies, and local economies have suffered the effects of boom-and-bust cycles, with no long-
term stability.

The Clinton Administration has established an ecosystem effort in the Pacific Northwest
forests based on five principles: (1) protecting the long-term sustainability of forests, wildlife,
and waterways; (2) never forgetting the human and economic dimensions of the problems;
(3) making efforts that are scientifically sound, ecologically credible, and legally responsible;
(4) producing a predictable and sustainable level of timber sales and nontimber resources
that will not degrade or destroy the environment; and (5) making the federal government work
together with and for the people.

The Administration’s Forest Plan represents an entirely new way of doing business. It fea-
tures an ecosystem-based management plan for 25 million acres of federal land in the region,
an economic assistance plan, and a blueprint for improved agency coordination. Such a com-
prehensive approach was probably the only viable alternative for breaking the impasse
caused by years of competition and conflict in the region. In response to legal challenges,
Judge Dwyer pointed out the unprecedented nature of the Administration’s effort and noted:
“Given the current condition of the forests, there is no way the agencies could comply with
the environmental laws without planning on an ecosystem basis.”

results of their efforts can be simple and
powerful (see Box 7.1).

Habitat Conservation Plans

The Administration has also used flex-
ibilities written into the Endangered
Species Act to promote conservation in
the context of broader ecosystems. This
has been accomplished by using habitat
conservation plans (HCPs) instead of tak-
ing the traditional species-by-species
approach. Increasingly, HCPs originally
intended to deal with a single listed
species are being expanded to include

other rare or declining species and the
habitat that supports them all.

The issues involved in HCPs can be
technical and legally complex. State and
local governments are often involved in
HCP planning and implementation.
HCPs provide a way of allowing econom-
ic use of private lands while conserving
endangered species. Under the “no sur-
prises” policy of the Secretary of the Inte-
rior, landowners who develop HCPs will
not be subject to later demands for more
money or land to conserve those species,
even if circumstances change. “A deal is
a deal,” and development can proceed
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without the prospect of additional mitiga-

tion requirements for covered species.
Thus, the use of HCPs helps minimize
socioeconomic effects, ensures fair treat-
ment for landowners, and strengthens

partnerships between federal and nonfed-

eral entities.

A highly visible and widely publicized
example of an HCP is under way in
Orange County, California. The coastal
sage scrub vegetation of the area is habi-
tat for the endangered California gnat-
catcher, as well as many other species.
However, development pressures in the
area are intense, and land values are
high. A significant amount of this land is
owned by the Irvine Corporation, which
has acted as the major partner with the
Fish and Wildlife Service and the Cali-
fornia Department of Fish and Game in
developing a regional land-use and con-
servation plan. This plan provides for
subregional planning by landowners and
local governments, with guidance from
an independent state scientific review
panel and approval by state and federal
agencies.

Another HCP example comes from
the Southeastern states, where private
timber firms were becoming increasingly
frustrated by harvest limitations resulting
from the need to protect habitat for the
red-cockaded woodpecker. The compa-
nies felt that they often would not know
in advance what the restrictions would
be, and could not take the constraints
into account in their planning. Led by
firms such as Georgia-Pacific Corpora-
tion and International Paper, plans are
being developed that provide much
greater certainty for timber managers as

to what they can and cannot do, and
where this applies.

Partnerships

In many cases, the ecosystem
approach has emerged spontaneously as
landowners and other interested parties
attempt to deal with local resource issues.
For example:

e On the Henry’s Fork of the Snake

River in ldaho, ranchers sat down with

fishermen and environmentalists to

determine how their apparently con-
flicting needs could be resolved while
mutually held goals could be
achieved.

< In the Anacostia River watershed in
the Washington, D.C., area, a group
of state and local governments estab-
lished a six-point action plan for water-
shed restoration.

« Insoutheast Arizona and southwest
New Mexico, ranchers worked with
The Nature Conservancy to form an
unofficial million acre planning area
to coordinate fire and ecosystem man-
agement across political boundaries.
The Forest Service and Natural
Resources Conservation Service are
providing technical assistance to sup-
port these efforts; the Bureau of Land
Management is also participating.

e In 1994, a unigue partnership was
created to manage 21,000 acres of
diverse bottomland hardwoods and
cypress gum swamp wetlands along
North Carolina’s Lower Roanoke
River. Georgia-Pacific Corporation
owns the land, but a joint commit-
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tee—including representatives from
The Nature Conservancy and Geor-
gia-Pacific—establish criteria for
where and under what conditions tim-
ber harvesting can occur.

e Efforts are currently under way to
protect the San Francisco Bay/Delta
Estuary. This 1,620 square mile area
spans 12 counties, is a source of fresh-
water for 20 million people, and irri-
gates 4.5 million acres of farmland. In
recent years, however, the estuary’s
ability to support a diverse ecosystem
has declined because of near-total
destruction of wetlands, altered hydro-
logic and salinity conditions, and
urban and agricultural runoff. After 12
months of intense negotiations, a his-
toric agreement on Bay/Delta environ-
mental protection was signed in
December 1994. The agreement,
endorsed by a wide range of stakehold-
ers, contains water quality standards
for the Bay/Delta as well as measures
to protect the habitats of currently list-
ed endangered or threatened species.

< Within the San Francisco Bay estu-
ary region, the North Bay contains the
largest area of historic baylands and
associated wetlands. Much of the area
has been diked and is now used mostly
for agriculture. The North Bay Initia-
tive is a joint effort involving 13 local,
state, and federal agencies working to
restore the area. For example, the
Sonoma County Resource Conserva-
tion District is contacting landowners
in an effort to integrate agricultural
and environmental goals into the
long-term development of the
reclaimed wetlands in San Pablo Bay.

The Napa County Resource Conser-
vation District coordinated develop-
ment of the Napa River Watershed
Owner’'s Manual, which addresses
agricultural activities, urban storm
runoff, residential land management,
nonpoint source pollution, wildlife
habitat, and ways to increase water-
shed biodiversity.

< In South Florida, a number of fed-
eral, state, tribal, and local agencies
have coordinated efforts to restore the
Everglades ecosystem, stretching from
north of Lake Okeechobee to the
Florida Keys. The Governor’s Com-
mission for a Sustainable South Flori-
da recently brought together represen-
tatives of agricultural, environmental,
urban water user, and other interests,
to develop a consensus plan for man-
aging water resources. That plan will
expedite efforts by the Army Corps of
Engineers to redesign the Central and
Southern Florida Project so that
waters flowing through this unique
ecosystem are managed in a more sus-
tainable manner. The South Florida
Ecosystem Restoration Task Force will
continue to coordinate the many
restoration efforts at various levels of
government.

Management Strategies

Using the ecosystem approach pre-
sents a host of management challenges. It
requires a high degree of interagency
cooperation, a multidisciplinary
approach, and sophisticated information
and technology systems. Three current
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Protecting the Upper Mississippi Flyway. Ecosystem management strategies at work.

examples include large marine ecosys-
tems, National Estuary Programs, and
habitat management in the Upper Mis-
sissippi River.

The National Oceanic and Atmos-
pheric Administration has recognized
that ecosystem-level programs are
required for many coastal and marine
areas. The agency is implementing a
broad-based, multidisciplinary approach
to marine monitoring, modeling, and
management, which it calls the Large
Marine Ecosystem Initiative. Large
marine ecosystems are characterized by
unique bathymetry, hydrography, and
productivity, within which marine popu-
lations have adapted reproductive,
growth, and feeding strategies. The initia-

Photo Credit: J.G Wiener.
National Biological Service

tive is designed to reflect the complexities
of these marine systems.

The National Biological Service, Fish
and Wildlife Service, Army Corps of
Engineers, and five affected states (11li-
nois, lowa, Minnesota, Missouri, and
Wisconsin) are working cooperatively to
develop an ecosystem approach to man-
aging the upper Mississippi River. As
wildlife habitat continues to decline in
both abundance and quality in the upper
Midwest, the upper Mississippi River and
its adjacent habitats have assumed even
greater significance for many migrating
bird species. With its north-south orienta-
tion, the Great River Flyway functions as
a pathway between breeding and winter-
ing areas for some 292 bird species.
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Their approach exploits the latest
advances in technology and information,
including aerial and satellite images
which can then be digitized and stored in
a geographic information system data-
base. Detailed land cover maps can
depict areas of specific vegetation types
or communities. Using these maps to
describe migratory bird habitats provides
a link to relate the migratory bird corridor
to other natural resource priorities and to
look at threats to bird habitat from a
broader perspective. The approach can
be used at any scale, allowing develop-
ment and evaluation of models for indi-
vidual species, groups, communities, and
entire ecosystems. The approach also
uses maps of changes in habitat and vege-
tation over the past century, and maps of

areas that can potentially support many
species.

By tracking and predicting habitat
changes and the causes of those changes,
this approach can determine where habi-
tats should be protected, created, or
restored to meet the needs of migratory
birds. The management strategy will
serve as a vehicle to coordinate and con-
solidate river-based management plans
for migratory birds and to develop specif-
ic management objectives. As a process,
the Upper Mississippi River management
strategy can be a valuable prototype for
managing other ecological systems.

The U.S. Environmental Protection
Agency (EPA) is actively using the ecosys-
tem approach in protecting the environ-
ment. For example, EPA’s National Estu-

A Conservation Reserve Program (CRP) Success. Pothole conservation in the upper midwest.

Photo Credit: Tim McCabe/SCS
U.S. Fish and Wildlife
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Figure 7.6 Federal Land, by
Agency, 1995

Other
agencies (3%)
NPS (13%)
BLM (41%)

FS (29%)
FWS (14%)

Source: See Part lll, Table 14.

ary Program (NEP) promotes an ecosys-
tem approach to protecting and restoring
the health of estuaries while supporting
economic and recreational activities. To
date, the program encompasses 28 local
NEPs including Casco Bay in Maine,
Galveston Bay in Texas, and Tillamook
Bay in Oregon. EPA helps each local
NEP develop partnerships between gov-
ernment agencies that oversee estuarine
resources and the people who depend
upon the estuaries for their livelihood

and quality of life. Together, these partici-

pants identify an estuary’s problems, rec-
ommend solutions, and make financial
commitments in a Comprehensive Con-
servation and Management Plan. EPA
provides each NEP with grants and tech-
nical assistance. In implementing solu-
tions, these local NEPs are demonstrat-
ing practical and innovative ways to
rejuvenate and protect their estuaries (see
also Chapter 14, “Coastal and Marine
Resources”).

Private Lands

Many opportunities exist to increase
incentives for biodiversity and habitat
conservation on private lands. In July
1995, a diverse group of 30 experts met at
The Keystone Center in Colorado to
compile a list of such opportunities. The
group developed 18 proposals on which
there was general consensus.

The Keystone Group noted a current
lack of voluntary, incentive-based pro-
grams for restoring or conserving endan-
gered species habitat. The participants
suggested that the existing Conservation
Reserve Program (CRP) could provide a
model for developing a private-land
endangered species conservation pro-
gram. CRP pays farmers to retire highly
erodible croplands and other environ-
mentally sensitive lands from commaodity
production for 10 years and establish a
protective vegetative cover. About two
thirds of CRP lands are in the Great
Plains. Though not intended as an
endangered species protection program,
the large new areas of grassland habitat
created by CRP have contributed to the
recovery of several state-listed endan-
gered species and helped reverse declin-
ing populations of numerous endemic
grassland birds.

The Keystone Group proposed an
endangered species protection program
modeled after CRP that would be volun-
tary, of limited duration (5 to 10 years,
with a right to renew), provide assurance
to landowners that the land could be
placed in another use after the program’s
end, provide assured funding for annual
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contract payments, and use a competitive
bid system to maintain cost effectiveness.

Federal Protected Areas

The federal government has designat-
ed large blocks of lands for special protec-
tion, thereby contributing to a broad con-
servation effort. Four federal agencies
administer about 95 percent of these fed-
eral lands. (See Figure 7.6.) In the
Department of Agriculture, the Forest
Service manages 187.3 million acres. In
the Department of Interior, the Bureau
of Land Management manages 264.7
million acres, the Fish and Wildlife Ser-
vice 92.3 million acres, and the National
Park Service 83.2 million acres.

Protection is also provided for the
national wilderness system and the
national wild and scenic rivers system.

Red-cockaded Woodpecker. Resident of the
: ) ) endangered Longleaf Pine Forest and Savan-
Since passage of the Wilderness Act in na ecosystem.

1964, the national wilderness system has
grown from about 9 million acres to U.S. Forest Service
about 103.7 million acres—or about 4.5

Photo Credit: J.Hanula and K. Franzreb

percent of the nation’s land (Figure 7.7).  The wild and scenic rivers system, which
preserves rivers or stretches of rivers in a
] ] i free-flowing condition, now protects
Figure 7.7 National Wilderness about 10,734 river miles (Figure 7.8).
Preservation System, 1964-1994 Wild and scenic rivers are administered
125 - by federal or state agencies; if a protected
river runs through privately owned land,

100 4

@ it is maintained by the private landowner.
8 75 Congress established a National Trails
é 50 system in 1968; in 1991, it established
E the National Recreational Trails Fund
251 and the National Recreational Trails
0 Trust Fund. Congress appropriated $7.5
1964 1974 1984 1994 million for the program in fiscal year
Semezs See P M, TR 15 1993. The National Highway System

Note: Data reflect year-end cumulative totals.

Designation Act of 1995 authorized $15
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Figure 7.8 National Wild and
Scenic Rivers, 1968-1995
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Source: See Part I, Table 15.
Note: Data reflect year-end cumulative totals.

million for fiscal years 1996 and 1997 for
the national recreational trails program.
The Department of Energy has estab-
lished seven national environmental
research parks, located within six major
ecoregions of the United States. The pro-

gram was begun in the 1970s, and the
Savannah River Site in South Carolina
was designated the first research park in
1972. Over the years, these large protect-
ed land holdings became, in some cases,
the last remaining refuges of what had
once been extensive naturally balanced
ecosystems. Most of the land in the
research parks is undeveloped, with mini-
mal cultivation and almost no human
residents. Environmental research pro-
jects are carried out with little interfer-
ence, and a long history of environmen-
tal research and monitoring data are
consequently available for these areas.
The Department of Defense (DOD) is
steward to approximately 25 million acres
of public lands. While these lands sup-
port military training and readiness capa-
bilities, they also offer pristine habitats
for a wide variety of unique species, as

Box 7.2
Protecting the California Desert

In December 1994 Congress passed the California Desert Protection Act, climaxing a
decade-long struggle among environmentalists, ranchers, landowners, and others over land
protections in the Southern California Desert. The law transferred about 3 million acres from
the Bureau of Land Management to the National Park Service, upgraded Death Valley and
Joshua Tree National Monuments to national park status, and established the 1.4 million acre
Mojave National Preserve. In addition, the law provided wilderness status for 69 Bureau of
Land Management areas totaling 3.6 million acres and 4 million acres in the two parks and
the preserve.

In a single stroke, the act provided protection for almost one third of the land stretching
across the Sonoran, Mojave, and Great Basin Desert systems of the Southwest. The area
includes some of the oldest trees in the world, the hottest place on the entire planet, and Cal-
ifornia’s only known dinosaur tracks.

The act was a difficult compromise among competing interests. Hunting, which is pro-
hibited in most units of the National Park system, will be allowed in the Mojave National Pre-
serve. Grazing of domestic cattle, now permitted on a limited basis in only one small park in
Nevada, will be permitted throughout much of the protected desert area. A small number of
working mines will also continue operations.
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well as a wealth of opportunities for
recreational and other renewable uses.
DOD strives to apply wise conservation
practices to ensure that natural resources
are not degraded from overuse. In 1996,
the department issued a directive on
environmental conservation that pro-
vides—among other things—for manag-
ing natural resources consistent with the
military mission while protecting and
enhancing resources for multiple use,

sustainable yield, and biological integrity.

Special provisions are made for biologi-
cally or geographically significant or sen-
sitive natural resources, such as wetlands
or coastal barrier islands, and for threat-
ened and endangered species.

For example, at 11 installations in the
Southeast, DOD is protecting and
enhancing populations of the endan-
gered red-cockaded woodpecker.
Resource managers are maintaining the
mature longleaf pine forest upon which
the woodpecker depends by simulating
natural fires that control invasive hard-

wood trees and by controlling timber har-

vests. Troops that train in the forests treat
nesting trees as biologically contaminat-
ed sites or mines to avoid disturbance to
woodpecker colonies.

DOD also manages about 10 percent
of the lands of the Mojave Desert. It has
teamed up with the Department of the
Interior to manage these lands so that
biological integrity can be addressed
across their jurisdictional boundaries.

(See Box 7.2 for information on other
efforts to protect federally owned desert
land.)

FUTURE CHALLENGES

While there is increasing recognition
of the value of ecosystems and the need
to preserve biodiversity, achieving these
ends presents many difficult challenges.
Our knowledge of how ecosystems func-
tion is still limited, making comprehen-
sive analyses difficult. Furthermore, the
ecosystem approach requires interdisci-
plinary, cooperative, holistic, and adap-
tive efforts that are new to our resource
management and political institutions.

Concerted efforts are being made to
overcome these problems. What is most
promising is that conservation efforts are
increasingly based on cooperation, nego-
tiation, and partnerships among landown-
ers—both governmental and nongovern-
mental. Also, a growing number of efforts
are aimed at improving incentives to pri-
vate landowners to conserve ecosystems.
In the face of increasing population
growth and development, we must seize
these new opportunities quickly, try to
minimize conflicts with development
interests, and generate creative new
approaches to protect and restore ecosys-
tems.
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Biodiversity

iodiversity is the sum of all the bio-

logical differences among living
things, whether at the species level, genet-
ic level, or ecosystem/community level. As
expressed by The Keystone Center in a
1991 report, biodiversity is “the variety of
life, and its processes; including the vari-
ety of living organisms, the genetic differ-
ences among them, and the communities
and ecosystems in which they occur.”
Implicit in this definition are the interact-
ing, interdependent structures and func-
tions among the genetic, species, and
ecosystem levels of biota and their physi-
cal, chemical, and biological environ-
ment.

From an ecological-economic stand-
point, biodiversity is important for the
“goods and services” provided to living
systems, including human systems. Some
of those services are the capture of solar
energy (plants); conversion of that energy
into food, fiber, fuel, and pharmaceuticals
(plants); pollination of fruit-providing
plants (bees, butterflies, and humming-
birds); dispersal of seeds (animals);
decomposition of waste (microbes); filtra-
tion of water (plants); and purification of
air (plants). Conversely, biota require
goods and services provided by their habi-
tats, and the condition of habitat-specific
biota reflects the condition of that envi-

ronment. As the integrity of a habitat is
destroyed through degradation, fragmen-
tation, or contamination, the species liv-
ing there are affected.

The United Nations Environment Pro-
gramme cites 13.6 million as a reasonable
estimate of the total number of species on
Earth. Of this total, nearly 60 percent are
insects; another 21 percent are bacteria,
fungi, or viruses. Fewer than one eighth of
all species have been scientifically
described.

Species richness generally increases
moving from colder polar regions to hot-
ter tropical regions. This distribution is
exemplified by the tally of species abun-
dance in North American countries
(Table 8.1).

RECENT TRENDS

The Nature Conservancy and state
agency-based Natural Heritage Network
maintain databases with information on
more than 28,000 U.S. species and an
additional 11,000 subspecies and varieties.
In 1996, The Nature Conservancy report-
ed on the conservation status of 20,481
native U.S. species, representing 13 major
groups of plants and animals that have
been classified and studied in sufficient
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Table 8.1 Abundance of Species in North American Countries

Mammals Birds Reptiles Plants
Canada 197 462 42 3,220
United States 466 1,090 368 20,000
Mexico 439 961 717 20,000

Source: World Resources Institute, World Resources 1992-93 (Oxford University Press, New York,

1992).

detail to allow status assessment for each
of their species.

The Nature Conservancy analysis
revealed that, based on their global rarity,
almost one third (32 percent) of the
species surveyed were in some danger
(Figure 8.1). About 1.3 percent were pre-
sumed or possibly extinct, 6.5 percent
were classified as critically imperiled,
another 8.9 percent were imperiled, and
15 percent were classified as vulnerable.
States in the Southwest and Southeast

Figure 8.1 Status of U.S. Plant
and Animal Species, 1995

Presumably Critically
or possibly imperiled (7%)
extinct (1%) o~ -
Imperiled
(9%)
Vulner-
able
(15%)
Secure
(41%)
Apparently

secure (27%)

Source: The Nature Conservancy, Priorities for Con-
servation: 1996 Annual Report Card for U.S. Plant and
Animal Species (TNC, Arlington, VA, 1996).

Note: Total=20,481 species; does not include 346
species not yet ranked.

harbor the greatest number of imperiled
species (Figure 8.2). Hawaii and Califor-
nia both have more than 600 imperiled
species and subspecies.

The work done by. The Nature Con-
servancy and Heritage Network comple-
ments that done by the Defenders of
Wildlife, which identified the 21 most-
endangered ecosystems of the United
States (see also Chapter 7, “Ecosystems,”
Figure 7.1). These reports corroborate
studies done by federal and state agencies
and by academia identifying correlations
between ecosystem degradation, frag-
mentation, or contamination and species
found at risk. A compilation of many of
those studies—especially those addressing
species status and trends—was prepared
by the Department of the Interior’s
National Biological Service as Our Liv-
ing Resources; this publication is the basis
for much of the following discussion.

Species Dependent on Aquatic
Systems

Records of species at risk indicate that
those dependent on aquatic systems for
all or part of their life cycle are in the
most dire condition. The four groups
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Figure 8.2 Biodiversity Hotspots by State, 1995

Number of imperiled species
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Source: B.A. Stein, "Putting Nature on the Map," Nature Conservancy (TNC, Arlington, VA, January/February 1996).

most at risk—freshwater mussels, freshwa- most likely spread throughout most of the

ter fishes, crayfish, and amphibians—all
depend on rivers, streams, or lakes; they
generally spend their life cycle confined
to a single watershed or reach of the
waterway.

Mussels. In many national waterways,
mussel populations have suffered badly
from habitat loss as a result of dam con-
struction, channelization, dredging oper-
ations, and water pollution. Dam con-
struction alone has wiped out 30 to 60
percent of native mussel populations in
some rivers. Competition from nonnative
mollusks, notably the Asian clam and the
recently introduced zebra mussel, also
contributes to the decline. During the
next 10 to 20 years, zebra mussels will

United States and southern Canada (Fig-

Figure 8.3 U.S. States Affected
by Zebra Mussels, 1988-1995
20

15 4

10 |

number

51

0
1988 1989 1990 1991 1992 1995
Source: A.J. Benson and C.P. Boydstun, "Invasion of the
Zebra Mussel in the United States," In: Our Living Re-
sources, LaRoe et al, eds., U.S. Department of the Interior,
National Biological Service (GPO, Washington, DC, 1995).
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ure 8.3). This exotic species attaches to
the surface of native mussels in such high
numbers that the native species are
unable to breathe or eat.

Both the National Biological Service
and The Nature Conservancy report that
about two thirds of all native mussel
species are in danger (Figure 8.4).
According to Interior Department fig-
ures, only 70 of 297 native mussel species
appear to have stable populations, and
many of these species have declined in
abundance and distribution since the late
1800s (Figure 8.5).

Freshwater Fishes. Freshwater fishes
also are experiencing relatively rapid
changes in their habitats, often causing

Figure 8.4 Status of U.S. Fresh-
water Mussel Species, 1995

Presumably or
Secure possibly extinct
(15%) (10%)

Critically
imper-

Appar- .
ently iled
secure (27%)
(15%)

Vulnerable

15%
(15%) Imperiled (18%)

Source: The Nature Conservancy, Priorities for Con-
servation: 1996 Annual Report Card for U.S. Plant and
Animal Species (TNC, Arlington, VA, 1996).

Note: Total=311 species; does not include 15

species not yet ranked.

Figure 8.5 Imperiled Freshwater Mussels by State, 1993

Percentage imperiled

[CJ0-20 [I41-60
[121-40 M 61-80

Source: J.D. Williams and R.J. Neves, "Freshwater Mussels: A Neglected and Declining Aquatic Resource," In: Our
Living Resources, E.T.LaRoe, G.S Farris, C.E. Puckett, P.D. Doran and M.J. Mac, eds., U.S. Department of the
Interior, National Biological Service (GPO, Washington, DC, 1995), p. 178.
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Figure 8.6 Status of U.S. Fresh-
water Fish Species, 1995

Presumably or Critically
possibly extinct imperiled
(2%)

Secure

(45%)

Apparently secure (17%)

Source: The Nature Conservancy, Priorities for Con-
servation: 1996 Annual Report Card for U.S. Plant and
Animal Species (TNC, Arlington, VA, 1996).

Note: Total=815 species; does not include 10

species not yet ranked.

risks to their survival. Fish species have
adapted to a variety of conditions in the
United States. Some of the species found
in the country are old, primitive forms
such as the sturgeon, gar, paddlefish, and
bowfin; as well as younger and more
genetically advanced species such as sun-
fishes, minnows, and darters.

Of the roughly 800 native freshwater
fish species in the United States, The
Nature Conservancy estimates that about
35 percent are imperiled or vulnerable
(Figure 8.6). The American Fisheries
Society (AFS) in 1979 developed a list of
198 native fish species judged in danger
of disappearing; in 1989, the AFS list had
grown by 25 percent to 254 species.

The vast majority of imperiled species
are threatened by the deteriorating quali-
ty of their aquatic habitats, either through
habitat destruction or contamination.
Factors such as overharvesting, introduc-

tion of nonnative fish and other species,
and disease seem to be less significant
threats to fish populations.

Many imperiled species have local dis-
tributions—some are restricted to partic-
ular reaches of a single watershed; others,
such as the Devils Hole pupfish, are lim-
ited to a single spring. These species
could be lost by a single, isolated, debili-
tating event. Other species, such as pad-
dlefish and sturgeons, depend on large
rivers. Their imperiled status indicates
widespread threats to these extensive
habitats.

According to the AFS list, the South-
west and Southeast have the highest aver-
age number of fish species listed per state
(Figure 8.7). In the Southeast, a relatively
high proportion of minnows, darters, and
madtom catfishes are imperiled. In many
cases, sedimentation and siltation result-
ing from poor land-use practices are

Figure 8.7 Imperiled Fishes in
the U.S. Southeast, 1974-1994
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Source: Walsh et al., "Southeastern Freshwater Fishes,"
In: Our Living Resources, LaRoe et al, eds., U.S. Depart-
ment of the Interior, National Biological Service (GPO,
Washington, DC, 1995).

Note: USFWS=U.S. Fish and Wildlife Service. AFS=
American Fisheries Society.
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White sturgeon, the largest freshwater fish in North America, has been negatively affected by
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overexploitation, poaching, and habitat alteration due to hydropower dams.

eliminating habitat for these bottom-
dwelling species.

The cumulative effect of habitat
degradation also has caused widespread
fragmentation (that is, more populations
living in smaller, unconnected habitats)
of many species, which adds to the chal-
lenge of trying to reverse and restore any
diminished genetic reserves of fish popu-
lations. Introduction programs can also
cause the loss of genetic diversity; for
example, the introduction of the Florida
largemouth bass has compromised the
genetic integrity of all populations of
northern largemouth bass into which the
species has been introduced in the
Southeast.

Photo Credit:
Courtesy of Oregon Historical Society

In the Pacific Northwest, stocks of
salmon and steelhead in the Columbia
River basin are down by more than 80
percent from historic levels. Similarly, in
California, salmon stocks are down 65
percent, and winter-run chinook salmon
in the Sacramento River have been
reduced by more than 97 percent in the
last 20 years.

White sturgeon—the largest freshwa-
ter fish in North America, found in the
Sacramento-San Joaquin, Columbia,
Snake, and Fraser Rivers—has been neg-
atively affected by overexploitation,
poaching, and habitat alteration due to
hydropower dams. Of the 11 fish com-
munities isolated upstream between
dams on the Columbia River, white stur-
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geon are known to be relatively abundant
in only three. In the lower reaches of the
Columbia, the recent adoption of more
restrictive harvest regulations may have
allowed populations to stabilize.

Reptiles and Amphibians. Because
reptiles and amphibians are critical to the
natural functioning of many ecological
processes, the species in these groups are
key components of important ecosystems.
Furthermore, the benefits to human
medical practices in understanding basic
biological processes from study of
amphibian metamorphosis and develop-
ment are significant.

The native herptofauna of the conti-
nental United States comprise about 230
species of amphibians (about 62 percent
of which are salamanders and 38 percent
frogs) and about 277 species of reptiles
(about 19 percent turtles, 35 percent
lizards, 45 percent snakes, and fewer than
1 percent crocodilians). Another 2
species of turtles, 17 lizards, 2 snakes, and
1 crocodilian have been introduced.

The Nature Conservancy provides
information on the status of amphibians
(Figure 8.8). For example, the coastal
plain of the southeastern United States,
which is identified as an endangered
ecosystem (see also Chapter 7, “Ecosys-
tems”), contains a rich diversity of rep-
tiles and amphibians. Of the 290 species
native to the Southeast, 170 (74 amphib-
ians, 96 reptiles) are found within the
range of the remnant longleaf pine
ecosystem. Many of these species are not
found elsewhere, particularly those
amphibians that require temporary ponds
for reproduction. Many coastal plain
species are listed federally or by states as

endangered or threatened or are candi-
dates for listing. Examples include the
flatwoods salamander, striped newt, Car-
olina and dusky gopher frogs, eastern
indigo snake, gopher tortoise, eastern dia-
mondback rattlesnake, and Florida pine
snake.

Habitat degradation and loss seem to
be the most important factors adversely
affecting amphibian and reptile popula-
tions. The drainage and loss of small
aquatic habitats and their associated wet-
lands have had a major adverse affect on
many amphibian species and some rep-
tiles.

Many other factors have been
involved in the decline of amphibian and
reptile populations; most—perhaps all—
of these are human-caused. For example,
nonnative species of gamefish introduced
for sport are thought to be one reason for
the declines of frog populations in moun-
tainous areas of some western states.

Figure 8.8 Status of U.S.
Amphibian Species, 1995

Presumably or
possibly extinct
(3%)

Critically
imperiled

Secure
(45%)

Apparently
secure (17%)

Source: The Nature Conservancy, Priorities for Con-
servation: 1996 Annual Report Card for U.S. Plant and
Animal Species (TNC, Arlington, VA, 1996).

Note: Total=237 species.
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Plants and Fungi

This section describes trends in two of
the major groups of life on earth: green
plants and fungi, including mushrooms,
lichens, and molds. Members of the
plant and fungal groups have both eco-
nomic and ecological importance. Plants
transform solar energy into usable eco-
nomic products essential to society and
provide the basis for most life on earth by
generating oxygen as a product of photo-
synthesis. Fungi not only mediate critical
biological and ecological processes,
including the breakdown of organic mat-
ter and recycling of nutrients, but also
play important roles in symbiotic associa-
tion with plants and animals. Some fungi
also produce commercially valuable sub-
stances including antibiotics and ethanol,
others are pathogenic and cause damage
to crops and forest trees.

Figure 8.9 Status of U.S.
Vascular Plant Species, 1995

Presumably or Critically

possibly extinct \ imperiled (6%)
(1%)
Imperiled
(10%)
Vulner-
able
(16%)
Secure
(37%)

Apparently secure (30%)

Source: The Nature Conservancy, Priorities for Con-
servation: 1996 Annual Report Card for U.S. Plant and
Animal Species (TNC, Arlington, VA, 1996).

Note: Total=18,156 species; does not include 262
species not yet ranked.

Plant estimates range upward from
17,000 species; only 5 to 10 percent of
the estimated 1.5 million fungal species
worldwide have been described. Califor-
nia, with 5,000 species, and southern
states such as Texas (4,500 species) have
the largest number of native vascular
plant species in the United States (Figure
8.9). Arizona, Florida, Georgia, New
Mexico, and Oregon each have over
3,000 native species.

Habitat loss and incompatible land
use are the major threats to most rare
U.S. plant species. Species at higher risk
of extinction usually include those hav-
ing small geographic ranges, narrow
habitat requirements, unusual life histo-
ries, or vulnerability to exotic pests or dis-
£ases.

Of the 16,000 vascular plants in The
Nature Conservancy survey, about 2,500
are considered imperiled. Globally rare
native species are concentrated in the
southern and western states (Figure
8.10). Even globally common species
may not be altogether secure in the U.S.,
however; 110 globally common species
have been lost from three or more states,
and more than 35 have been lost from
four or more states.

Opportunistic nonindigenous plant
species often displace native plants, par-
ticularly those whose habitats have been
disturbed. Hundreds of invasive nonna-
tive species have hecome management
problems in many natural areas.
Although importation bans and other
measures have been imposed by the fed-
eral government for a number of species,
strict compliance is difficult to imple-
ment. Since about 1970, the rate of
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Service (GPO, Washington, DC, 1995), p. 207.

Figure 8.10 Proportion of Globally Rare Vascular Plant Species by State, 1994

Percentage of rare plants in native flora
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Source: L.E. Morse, J.T. Kartesz and L.S. Kutner, "Native Vascular Plants," In: Our Living Resources, E.T. LaRoe,
G.S Farris, C.E. Puckett, P.D. Doran and M.J. Mac, eds., U.S. Department of the Interior, National Biological

increase of exotic introductions appears
to have moderated, however.

Plant surveys have shown that a signifi-

cant number of plants are more common
than previously believed. For example,
Merriam’s bearpaw poppy, a native of
southern Nevada and neighboring parts
of California, has been considered rare
and possibly endangered. During an
inventory of Nellis Range Air Force Base

carried out as part of the Defense Depart-

ment’s Legacy Resource Management
Program, many previously unknown pop-
ulations of the poppy were discovered.
Even a few species that were thought
to be extinct have been recently rediscov-
ered. The running buffalo clover was

rediscovered in West Virginia in 1983
and subsequently in four other states.
During the 1991 field season, the yellow
passionflower was found at two sites in
Delaware for the first time since the early
1800s. Such examples underscore the
value of ongoing inventories and the
dynamic nature of local and regional
flora.

Loss of biodiversity increases the sig-
nificance of germ plasm management
and conservation. Preservation of the tis-
sues and seeds that comprise the nation’s
plant germ plasm is the responsibility of
the National Plant Germplasm System
(NPGYS), a diffuse network of cooperative
federal and state laboratories and
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research stations. Many NPGS collec-
tions are considered to be valuable
national and global resources for use by
agricultural scientists and plant breeders
in research to improve crops.

Mammals

Many mammalian population studies
have been initiated to determine a
species’ biological or ecological status

because of its perceived economic impor-

tance, abundance, threatened or endan-
gered status—or because it is viewed as
our competitor for specific resources or
habitat. As a result, data on mammalian
populations in the United States have
been amassed by researchers, naturalists,

trappers, farmers, and land managers for
years.

The inventory and monitoring pro-
grams that produce data about the status
and trends of mammalian populations
are significant for many reasons. For one
thing, mammalian species are significant
biological indicators for assessing the
overall health of advanced organisms—
such as humans—in an ecosystem.

As a group, mammals are relatively
secure. Of the 433 mammals listed in
The Nature Conservancy’s report, 6 are
imperiled and 21 are vulnerable (Figure
8.11).

Rapid and sustained habitat and land-
scape changes, unregulated hunting and
trapping, indiscriminate predator and
pest control, and urbanization are among

Recolonization of the gray wolf has been successful at Yellowstone National Park.

Photo Credit: L.D. Mech
National Biological Service
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Figure 8.11 Status of U.S.
Mammal Species, 1995

Presumably or
possibly extinct
(<1%)

Critically
imperiled (1%)
/ Imperiled (5%)

Vulner-
able
(10%)

Appar-
ently

secure
Secure (20%)

(64%)

Source: The Nature Conservancy, Priorities for Con-
servation: 1996 Annual Report Card for U.S. Plant and
Animal Species (TNC, Arlington, VA, 1996).

Note: Total=433 species.

the factors that have contributed to the
decline of some mammalian populations

in North America.

For example, by 1960, the gray wolf
was exterminated from all of the United
States except for Alaska and northern
Minnesota. Following the 1994 Environ-
mental Impact Statement and recovery
plan, 34 wolves were reintroduced into
Yellowstone National Park and central
Idaho during two periods, January 1995
and January 1996. The program is con-
sidered successful; the population has
expanded to 50 wolves to date. Wolf pop-
ulations have recovered somewhat since
the mid-1970s; the Minnesota population
is now estimated at about 2,000. Recolo-
nization also has been successful at Glac-
ier National Park and the surrounding
area in Montana, which now has a popu-
lation of 8 to 10 packs.

Despite being listed as a threatened species in 1975, five of the seven remaining grizzly bear
populations in the United States do not have optimistic prospects.

Photo Credit:
National Biological Service
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One of the first species recognized as
imperiled was the black-footed ferret.

“* This member of the weasel family is

-

Triplet bald eagles born at George Washing-
ton’s Birthplace National Monument, Popes
Creek, Virginia.
Photo Credit:
National Park Service

Grizzly bears once roamed over most
of the West. In the Great Plains, they
favored areas near rivers and streams,
where conflict with humans was likely.
For this and other reasons, grizzly bears
in the United States were vigorously
sought out and killed by European set-
tlers in the 1800s and early 1900s. Since
listing of the grizzly bear as threatened in
1975, populations have probably stabi-
lized in the Yellowstone and northern
Continental Divide ecosystems. But five
of seven potential or existing populations
do not have optimistic prospects, and
even the two largest populations remain
at risk.

closely associated with prairie dogs,
which provide ferrets with both food
(they comprise 90 percent of the ferret
diet) and shelter (ferrets live in prairie
dog burrows). As prairie dog colonies
were eradicated by prairie dog control
campaigns, ferret populations also
declined. Black-footed ferrets, almost
extinct by 1985, are being reintroduced

§ from captive breeding. Because of

inbreeding, however, their population
lacks genetic diversity.

Birds

Birds are valued and highly visible
components of natural ecosystems; they
are also regarded as good indicators of
environmental quality. Moreover, migra-
tory bird populations are an international
resource for which there is special federal

Figure 8.12 Status of U.S. Bird
Species, 1995
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Source: The Nature Conservancy, Priorities for Con-
servation: 1996 Annual Report Card for U.S. Plant and
Animal Species (TNC, Arlington, VA, 1996).

Note: Total=759 species.
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responsibility. Many efforts thus have three decades. In general, species that are
been directed at measuring and monitor-  increasing are usually those that are able
ing the condition of North American’s to adapt to altered habitats, while declin-
migratory birds. This monitoring task is  ing species are often “specialists” more
not an easy one, because the more than  vulnerable to habitat loss. The most con-
700 U.S. species of migratory birds are sistent declines are among grassland birds
highly mobile with highly variable migra- (Figure 8.13).

tory patterns, and may appear in the Long-range data series are available on
United States only during part of their migratory and nonmigratory birds.
annual cycle. Between 1966 and 1994:

As a group, bird species have the low- « The populations of resident bird
est ratio of imperiled to secure species in species have remained fairly stable
The Nature Conservancy survey. Of the over the 1966-94 period, as evidenced
total 759 bird species surveyed, only 6.2 by the fact that nearly equal numbers
percent were in the imperiled categories of species of resident birds have
(Figure 8.12). Overall, roughly equal increasing and decreasing population
numbers of species appear to be increas- trends.

ing and decreasing over the past two to

Figure 8.13 Percentage of U.S. Bird Species with Increasing
Populations by Group, 1994
70
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50 -
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30
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% species with positive trends
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Source: U.S. Department of the Interior, National Biological Service, Breeding Bird Survey.

Notes: Gr=Grassland species. We=Wetland-open water species. Su=Successional-scrub species.
Wo=Woodland species. Ur=Urban species. Ca=Cavity nesting species. Oc=Open-cup nesting passerine
species. Sd=Short distance migrant species. Pr=Permanent resident species. Nm=Neotropical migrant
species. Gn=Ground-low nesting species. Mc=Mid-story-canopy nesting species.
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* The 1966-79 period was favorable
for the majority of neotropical migrant
species, which increased in popula-
tion during this time. A spruce bud-
worm outbreak in Canada was respon-
sible for dramatic increases in a few
species such as the Tennessee warbler,
Cape May warbler, and blackpoll war-
bler.

* The 1980-94 period was less favor-
able for neotropical migrants, with
maost species exhibiting declining pop-
ulation trends during those years.
These declines largely account for
overall population decreases experi-
enced between 1966 and 1994.

Ducks. Since the mid-1950s, duck
surveys in North America have provided
comprehensive and reliable data on
some 30 duck species (Figures 8.14 and
8.15). Increased predation and habitat
degradation and destruction coupled
with drought, especially on breeding
grounds, caused declines in some duck
populations. Affected populations have
since recovered from the drought of the
1980s to early 1990s, however, and many
are at record highs—for example, the
gadwall, northern shoveler, canvasback,
and redhead. Additionally, habitat condi-
tions, especially in the north central Unit-
ed States and prairie Canada, have great-
ly improved. The abundance of water in
the prairie-pothole area is back to levels
last experienced in 1970. Improved cover
conditions—in part related to the Depart-
ment of Agriculture’s Conservation
Reserve Program—nhave resulted in
increased duck production, particularly
in the Dakotas. The status of some duck

Figure 8.14 Northern Pintalil
and Mallard Ducks, 1955-1995
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Source: See Part lll, Table 22.

Figure 8.15 Black Ducks by
Flyway, 1955-1995
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Source: See Part I, Table 22.

species is still of concern to waterfowl
managers, but, overall, ducks are doing
well.

Geese. Most aggregations of wintering
geese were overharvested in the early
1900s. Those subspecies that nested in
temperate regions closer to humans were
most heavily hunted. By 1930, the giant
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Figure 8.16 Canada Goose and
Snow Goose, 1970-1995
4 -

millions
N

A
L

0
1970 1975 1980 1985 1990 1995

Canada goose

—— Snow goose

Source: See Part I, Table 23.

Canada geese that nested in the northern
parts of the deciduous forest and tallgrass
prairie were thought to be extirpated.
Numbers of the large geese that nested in
the Great Plains and Great Basin were
also severely reduced.

Although hunting depleted numbers
of Canada geese, human activity also cre-
ated new habitats for these birds. Agricul-
ture led to the clearing of forests and
plowing of prairies, creating the open
landscapes preferred by geese. Today,
most goose populations appear to be
increasing—except for the Atlantic Cana-
da goose, the Southern James Bay Cana-
da goose, and the Dusky Canada goose
(Figure 8.16). Snow goose populations
are growing so rapidly that they may be
adversely affecting their Arctic and migra-
tory habitats.

Raptors. Raptors, or birds of prey,
include the hawks, falcons, eagles, vul-
tures, and owls that occur throughout
North American ecosystems. As top
predators, raptors are key species in

understanding and conserving ecosys-
tems; changes in raptor status can reflect
changes in the availability of their prey
species as well as more subtle, detrimen-
tal environmental changes such as chem-
ical contamination and the occurrence of
toxic levels of heavy metals (e.g., mercury
and lead).

Among raptors, populations of ospreys,
bald eagles, and peregrine falcons have
increased in number as they recover from
past effects of pesticides (Figure 8.17).
The bald eagle has increased from a low
of 400 nesting pairs in 1963 to just over
4,700 pairs in 1995 (Figure 8.18); the
1972 ban on DDT was a significant fac-
tor in this recovery. Populations of hawks
and owls are either poorly known or
believed to be stable.

Wild Turkeys. Historical information
on turkeys comes from documented
accounts of early explorers. Recent
national population estimates are com-
posite figures obtained from individual
state wildlife management agencies.
Most accounts indicate that turkeys were
quite abundant at the time of European
colonization of North America. As the
nation grew, wild turkeys were harvested
without restraint and marketed for
human consumption. In addition, their
forest habitat was cleared for agriculture
and wood products. By 1920, wild turkeys
were extirpated from 18 of the 39 states of
their ancestral range. Little changed until
after World War I, when resources were
directed to restoring and managing the
nation’s wildlife populations, including
the wild turkey.

Several factors have contributed to the
return of the wild turkey: the maturing of
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Figure 8.17 Trends in Selected Birds of Prey, 1969-1994
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Source: U.S. Department of the Interior, National Biological Service, Breeding Bird Survey.

eastern forest, which had been almost early part of the century, now has a popu-
eliminated; increased knowledge from lation approaching 4 million. (See Fig-
research; spread of sound management  ure 8.19.)

practices; and better protection of new
flocks vulnerable to poaching. The wild

turkey, which was reduced to a popula- Marine Species

tion of a few tens of thousands in the At least 35 species of marine mammals
are found along the U.S. Atlantic Coast
Figure 8.18 Nesting Pairs of and in the Gulf of Mexico; at least 50

species are found in U.S. Pacific waters,
though estimates of abundance in U.S.
water are variable. According to 1995

5 stock assessment reports, 23 stocks of
marine mammals are increasing in abun-

Bald Eagles in the Coterminous
United States, 1963-1995

2] 4

§ ¢ dance, 24 stocks are stable, and 8 are

“06) 31 declining (Figure 8.20). With the excep-

?&5 2] tion of the Northern Right whale popula-

g tion in the Atlantic, all other increasing

£ 14 marine mammal populations reside in
0l the Pacific Ocean or off Alaska. Trend

1963 1974 1984 1988 1991 1995 data are mixed but, generally, increases
Source: U.S. Department of the Interior, Fish and result from pr0h|b|t|0n of commercial

Wildlife Service, Endangered Species Program.

whaling; and declines result from factors
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Figure 8.19 Estimated U.S. Wild
Turkey Population, 1959-1994
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Sources: J.E. Kennamer, M. Kennamer and R. Brenne-
man, "History," In: The Wild Turkey: Biology and Man-
agement, J.G. Dickson, ed. (Stackpole Books, Harris-
burg, PA, 1992) and update by editor.

such as bycatch associated with commer-

cial fishing, illegal killings, strandings,
entanglement, disease, altered food
sources, and exposure to contaminants.
All six species of sea turtles found in
the United States are listed as either

endangered or threatened. It is difficult to
determine population sizes of these high-

Figure 8.20 Status of U.S.
Marine Mammal Stocks, 1995
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Source: National Marine Fisheries Service, Our

Living Oceans: Report on the Status of U.S. Living Mar-
ine Resources, 1995 (NMFS, Washington, DC, 1996).
Note: Total=55 stocks (33% of total U.S. stocks) that
sufficient long-term population trend information.

ly migratory species, but there is little
doubt that their populations have
declined. For example, in the case of the
Kemp's Ridley turtle, 40,000 females
were counted nesting on a single day in
1947. The population has since plum-
meted due to overexploitation and inci-
dental capture in commercial fisheries
(Figure 8.21). Measures to protect nest-
ing beaches and habitat are considered
critical to recovery of these species.

FUTURE CHALLENGES

Much has been learned about the dis-
tribution, abundance, and health of the
nation’s biodiversity. However, the pro-
grams that produced this information
were not developed in a coordinated fash-
ion so as to form an integrated, compre-
hensive picture of the status and trends of
those resources. By coordinating data-
gathering, resource management prob-
lems and areas for additional research on
why certain ecological changes are
occurring can be better identified—and
thereby enable resource managers to take
appropriate action.

Statistically reliable information on
the status and trends of biological
resources is an essential step toward bet-
ter stewardship of the nation’s biological
wealth. Equally important is an intensive
research program aimed at understand-
ing what factors are responsible for bio-
logical changes and the incorporation of
that understanding into resource man-
agement and policy decisions.

Development of tools such as stan-
dardized systematics and classification
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Figure 8.21 Kemp's Ridley Sea
Turtles, 1978-1994
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Source: National Marine Fisheries Service, Our

Living Oceans: Report on the Status of U.S. Living Mar-
ine Resources, 1995 (NMFS, Washington, DC, 1996).

taxonomies, standardized monitoring
protocols, and geographic information
systems can aid in information gathering
and analysis. For example, metadata for
biological information—both federal and
nonfederal—are accessible through the
National Biological Service’s National
Biological Information Infrastructure.
This infrastructure contributes spatial
biological databases to the National Spa-
tial Data Infrastructure. The National
Biological Service works with the Federal

Geographic Data Committee (FGDC) to
ensure coordination of spatial data activi-
ties. Additionally, the FGDC Vegetation
Classification and Information Standards
are being developed to support produc-
tion of uniform statistics on vegetation
resources at the national level. These
standards will ultimately support a
detailed, quantitative, georeferenced
basis for vegetation cover modeling, map-
ping, and analysis at the field level. Simi-
lar standards are being developed
through consensus on taxonomy and sys-
tematics of biota via the Interagency Tax-
onomy Information System available on
the World Wide Web.

Besides specific programs designed to
understand components and functioning
of biodiversity, the Office of Science and
Technology Policy’s Committee on Envi-
ronment and Natural Resources is devel-
oping a working framework to coordinate
the nation’s environmental monitoring
and research programs for biodiversity
and ecological resources.
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CHAPTER NINE

Local and Regional
Resource Conservation

L ocal and regional strategies to man-
age and protect land are an impor-
tant tool to promote more rational devel-
opment and to protect sensitive
environmental areas.

Difficult issues include private property
owners’ concerns about the value and use
of their property, and the nature and pace
of urban and suburban growth. New
development reduces available farmland
and forests, increasing our reliance on
automobile transportation and continuing
the pattern of sprawl that is characteristic
of most of the nation’s urban areas. Some
view urban sprawl as an inefficient and
environmentally destructive land-use pat-
tern; others defend it as serving consumers
and communities well.

Caught in the middle are local and
regional planners, trying to provide some
rationality to the growth process and con-
stantly confronted with the challenge of
balancing development and environmen-
tal protection.

While the majority of the nation’s land
is remote and relatively unsettled, most of
the challenging land use issues involve
the relatively small fraction of land where
people live. As rural populations shift to
urban areas, cities and suburbs must
address traffic congestion, development
pressures, and diminishing open space.

As more Americans reach retirement
age, new patterns of mobility are emerg-
ing. For example, some Americans are
retiring to smaller communities in scenic
areas near national parks. Growth in these
communities is putting new pressures on
ecosystems.

BACKGROUND
Land Area and Use

The total land area of the contiguous
48 states is approximately 1.9 billion
acres. Alaska adds an additional 365 mil-
lion acres and Hawaii slightly over 4 mil-
lion, bringing the total to nearly 2.3 bil-
lion acres.

Cropland use—which totaled 460 mil-
lion acres in 1992—increased consistently
during the first half of this century; fluctu-
ated from the late 1940s to the late 1970s,
largely driven by shifting export demand;
and has been declining since the late
1970s (Figure 9.1).

Grassland pasture and range have
declined since 1900 and now total about
591 million acres (Figure 9.2). Improved
quality of pastures has helped reduce the
demand for pastureland, especially follow-
ing World War 1. Additionally, part of the
decline in land reflects the dramatic
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Figure 9.1 U.S. Cropland,
1900-1992
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Figure 9.2 U.S. Grassland,
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Figure 9.3 U.S. Horse and Mule
Inventory, 1900-1992
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Figure 9.4 U.S. Cattle and
Sheep Inventory, 1900-1995

150
Cattle
~
«»n 100 -
=
S
E
50
P Sheep
0
1900 1930 1959 1995

Source: Bureau of the Census, Census of Agriculture.

decrease in the number of draft animals
early in the century (Figure 9.3). More
recently, domestic animals, which
account for most of the demand for
grazed forage, also have been declining
in number (Figure 9.4). The inventory of
all cattle and calves reached a high in the
mid-1970s and has declined in each cen-
sus year since. Sheep numbers reached
their peak before 1945 and have been
declining since; in 1992, the sheep popu-
lation was 25 percent of the 1945 total.

Forest-use land totals 648 million
acres (excluding land in special uses such
as national and state parks). Peaking in
mid-century, the amount of forest-use
land has generally declined since, albeit
with periodic fluctuations (Figure 9.5).

Land devoted to “other” uses totals
564 million acres. Such land has
increased since the early part of this cen-
tury, especially following the inclusion of
Alaska. In addition to the large increase
in miscellaneous and unclassified land in
Alaska, land used for transportation,
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Figure 9.5 U.S. Forest-Use
Land, 1900-1992
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national defense, and urban settlements
has increased throughout the United
States since 1949 (Figure 9.6).

Land in urban areas totaled 58.8 mil-

lion acres in 1992, up from 46.8 million
acres in 1980. During the 1980s, urban
areas absorbed an average of about

860,000 acres per year from other land
uses. In the 1970s, by contrast, an average
of 1.3 million acres per year were lost to
urban areas.

Land Ownership

Of the 1.9 billion acres in the lower 48
states and Hawaii, about 72 percent—
nearly 1.4 billion acres, or almost three
out of every four acres of U.S. land
area—is privately owned (Figure 9.7). In
the 11 Western states, the percentage of
private land ownership is lower than in
other states; this is because the federal
government has historically owned high-
er percentages of lands in this area, rang-
ing from 28 percent federal ownership in
Montana to 83 percent in Nevada. The
federal government also owns a large por-
tion of the land in Alaska. Since 1959,

Figure 9.6 Special Uses of Land, 1945-1992
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Figure 9.7 Land Ownership in

the Lower 48 States, 1992
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large portions of federal land in Alaska
have been released to the state govern-
ment and to Alaska Native corporations.

About 94 percent of all nonfederal
land is rural, consisting mainly of crop-
land, rangeland, and forestland.

KEY ISSUES
Land-Use Planning

Land-use planning has a long history
in the United States. As early as 1926, the
U.S. Supreme Court upheld the validity
of comprehensive zoning on the basis of
states’ constitutional authority to protect
public health, safety, and welfare. By
1940, virtually all states had adopted zon-
ing laws; most land-use planning has
been delegated to local governments.

Land-use planning has many impor-
tant benefits. It helps ensure that suffi-
cient space is available for a community’s
essential needs, such as schools and open
space. It can minimize the destruction of

natural systems and prevent development
in high-risk areas that are prone to flood-
ing or other hazards. It can help protect
the country’s heritage and can enable
communities to adapt to changing condi-
tions by monitoring and anticipating
trends.

Land-use planning can improve the
efficiency of development and help pro-
tect sensitive environmental areas by
closely linking development to areas with
infrastructure and municipal services, to
areas with sufficient water and resources
to support growth, and to areas that are
not hazard-prone.

Since the 1970s, the pace and envi-
ronmental impact of development have
prompted some states to provide locali-
ties with a comprehensive framework for
managing growth. According to Land Use
in America (from which much of the
ensuing discussion is drawn), more than a
dozen states have passed laws that assume
at least some level of state review for pro-
jects or areas that affect state interests.
Most of these laws cover the entire state;
a few, such as those in California and
North Carolina, affect only coastal areas.

Statewide growth management laws
typically establish goals such as reducing
congestion and pollution, redeveloping
urban areas, preserving pristine lands,
conserving farmland, and improving the
quality of life. Localities generally must
comply with these statewide goals and
develop land-use plans with consistency
provisions tying state programs to the
local plans.

In Oregon, for example, the state
growth management plan requires all 241
cities to establish urban growth bound-
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aries. Areas outside these boundaries
have been rezoned for agriculture and
forestry, with 25 million acres now dedi-
cated exclusively to those purposes.

In New Jersey, the state plan desig-
nates both areas where density is encour-
aged and areas where density decreases
are needed. Part of the plan is intended
to protect the Pine Barrens area in south-
ern New Jersey. As part of the protection
effort, the New Jersey Pinelands Com-
mission developed a tradable land credit
system. In exchange for restrictive
covenants on their properties, landowners
in conservation zones could obtain cred-
its they can sell to landowners in growth
Zones.

Florida is another state struggling to
manage a rapidly growing population. Its
1985 Omnibus Growth Management Act
includes several provisions aimed at pre-
venting development in high-risk coastal
areas, specifying building design in areas
prone to hurricane damage, and promot-
ing compact development. The act’s
“pay-as-you-go” infrastructure require-
ments, which required infrastructure to
be in place before growth could occur,
had the unintended effect of driving
growth to outlying rural areas. The law
has since been revised.

In the 1990s, growth management in
certain areas has become more con-
tentious. For example, in Florida groups
such as 1,000 Friends of Florida helped
secure passage of a law that creates a
cause of action for owners of real proper-
ty whose land is “inordinately” burdened
by state environmental or other regula-
tion. The decision as to what constitutes
an “inordinate” burden under the bill

will be made by state courts, taking into
account the landowner’s reasonable
investment-backed expectations and the
availability of alternative uses of the prop-
erty. The law gives landowners the oppor-
tunity to pursue dispute resolution if new
laws or regulations encroach on those
rights and the owner can prove an inordi-
nate burden. If compensation is awarded,
the government in return receives an
interest, such as a conservation easement
on the property.

There is also strong interest in Florida
to protect critical environmental areas
and the state’s water recharge areas. The
Florida Greenways Commission, which
was started in 1993, will create a
statewide network of greenways linking
the state’s parks and open spaces. The
program particularly focuses on protect-
ing corridors along waterways. For exam-
ple, the Cross-Florida Greenway will
eventually become a 110-mile-long con-
servation and recreation area along the
site of the abandoned cross-Florida Barge
Canal.

Similar pressures face the state of Cal-
ifornia. Beyond Sprawl—a 1995 report
jointly produced by the Bank of America,
Resources Agency of California, Green-
belt Alliance, and Low Income Housing
Fund—found that growth is typified by
(1) new housing developments encroach-
ing farther into agricultural and environ-
mentally sensitive lands, (2) an increas-
ing dependence on automobiles, and (3)
the isolation of central cities and older
communities. Current development pat-
terns, the report says, have made the state
a less desirable location for businesses
and their employees.
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The Cost of Sprawl. Many studies
have found that typical new develop-
ments characterized by large lots and sin-
gle-family homes increase public costs
compared to more compact development
with mixed-use urban and town center
planning.

For example, a 1989 study by the
Urban Land Institute found that provid-
ing services to a three-unit per acre devel-
opment 10 miles from employment and
other centers would cost an estimated
$8,000 more per house than a 12-unit per
acre development located closer to facili-
ties. An American Farmland Trust study
of Loudoun County, Virginia, found that
net public costs were about three times
greater at a density of 1 unit per five acres
compared with a density of 4.5 units per
acre.

Designing Sustainable Communi-
ties. Confronted with the future prospect
of growth and development, many com-
munities across the country are using
planning, visioning exercises, the devel-
opment of indicators, and other tools to
forge a new balance between growth and
stewardship.

The best-known example is in Chat-
tanooga, Tennessee, where a “Visions
2000 initiative in 1984 brought together
thousands of residents to talk about the
state of the city and their vision of the
future. The exercise proved to be a
remarkable success, helping launch a
turnaround for the city that has empha-
sized pollution reduction, affordable
housing, open space, and the develop-
ment of “green” manufacturing.

In Seattle, volunteer committees have
selected 40 indicators that will serve as a

“report card” for the city and for long-
term planning. In Cambridge, Massachu-
setts, criteria for a sustainability profile
have been developed; these are intended
to measure the city’s impact on the envi-
ronment and minimize undesirable
effects.

The new ideas generated by the Chat-
tanooga experience and those of other
cities also point to the many opportuni-
ties available for reducing the environ-
mental impact of manufacturing. Strate-
gies include the promotion of new
environmental technologies, investments
in resource efficiency, using the solid
waste stream to develop community-
based recycling businesses, and support-
ing eco-industrial parks. These last are an
environmentally efficient version of
industrial parks. They follow a systems
design in which one facility’s waste
becomes another facility’s feedstock, and
they ensure that raw materials are recy-
cled or disposed of efficiently and safely.

Dealing with Development
Pressures

High growth in areas such as Califor-
nia, Florida, and the Southwest has creat-
ed challenging issues including a search
for balance between development, pro-
tected areas and ecologically valuable
unprotected areas.

In recent years, there has been signifi-
cant movement out of major California
cities to other areas in the West. In
Phoenix, aerial photographs taken three
months apart in 1995 found 5,000 new
homes around the city. Population in
smaller communities such as Boise,
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Idaho; Santa Fe, New Mexico; Jackson,
Wyoming; Aspen, Colorado; and Park
City, Utah; also is increasing rapidly.

The fastest growing counties in Col-
orado, Montana, and Wyoming are adja-
cent to Yellowstone and Grand Teton
National Parks. Such growth puts real
strains on National Park Service man-
agers and on the carrying capacities of
these communities and ecosystems.
While population and development pres-
sures are increasing, federal resources in
many cases are shrinking. This conflict is
creating difficult dilemmas for park and
refuge managers.

Communities and land managers are
trying to find new ways to protect ecosys-
tems. In California, two important exam-
ples are the effort to save Mono Lake and
to preserve the state’s remaining coastal
sage scrub habitat.

Mono Lake. In 1990, Mono Lake was
rapidly nearing extinction. This ecologi-
cally important lake, located in a remote
part of the Sierra Nevada Mountains, was
succumbing to the combined effects of a
seven-year drought and extensive water
diversion to Los Angeles.

In 1941, the Los Angeles Department
of Water and Power began diverting four
of the streams that feed Mono Lake. After
almost 50 years of diversions, the lake’s
shoreline had dropped 42 feet. The
impact on the lake was catastrophic as
wetlands that bordered the lake disap-
peared; toxic dust storms arose from the
recently exposed banks; and the natural
salinity of the water doubled, dramatical-
ly reducing populations of tiny brine
shrimp and other organisms that were a
vital food source for migrating birds. Of

the 1 million ducks and geese that once
migrated to the lake, fewer than 1 per-
cent returned.

The effort to save the lake was led by
the Mono Lake Committee—a citizens’
group with more than 17,000 members—
the Audubon Society, trout fishermen,
and others. Through litigation and coop-
eration, remarkable progress is being
made. In September 1994, the State
Water Resources Control Board issued a
ruling, mandating that Los Angeles
reduce its diversion of water flowing into
the lake until the lake reaches a stable
level of 6,392 feet, or 25 feet below its
prediversion level. Since the ruling, the
lake has risen 6 feet.

The committee also is working with
the city of Los Angeles and area business-
es to “drought-proof” Los Angeles. Gov-
ernment and private organizations have
collaborated to develop a plan to reclaim
and conserve more than 135,000 acre-
feet of water annually—twice the amount
needed to protect the lake. State and fed-
eral agencies pledged $86 million to
build two water reclamation projects.
Estimates show that the reclaimed water
costs $347 per acre-foot—3$64 less than
imported water.

The city also pledged to reduce water
use by 20 percent. Ultra low-flush toilets
were introduced in most homes, and
higher water prices discouraged unneces-
sary use. By 1994, the city had exceeded
its goal, and water use was identical to
1975 levels—even with 800,000 more
residents.

Coastal Sage Scrub Habitat. Califor-
nia has been struggling for several
decades to find imaginative new ways to

CHAPTER NINE

175



Local and Regional Resource Conservation

balance environmental, economic, and
social issues that cross jurisdictional
boundaries.

One important experiment is the Nat-
ural Communities Conservation Plan-
ning (NCCP) program, which is trying to
protect the state’s remaining coastal sage
scrub habitat along the south coast. This
habitat is the home of the California
gnatcatcher, a threatened species, and
numerous other imperiled species (see
also Chapter 7, “Ecosystems”). The pro-
gram is intended to provide more protec-
tion for the gnatcatcher and the sage
scrub area than was provided by either
the federal or state endangered species
laws. The program relies on a multistake-
holder process that includes environmen-
tal groups, private landowners, and busi-
ness groups in the region. Given specific

statutory authority by the state, NCCP is
trying to conserve entire habitats and
ecosystems that encompass numerous
species.

Federal and state laws are an impor-
tant part of the process. The Interior
Department added the gnatcatcher to the
federal threatened species list. It also
established a special rule that recognizes
NCCP’s role and allows partners that pro-
duce a plan protecting coastal sage scrub
to develop up to 5 percent of the habitat
and receive authorization for an “inci-
dental take” of the threatened gnatcatch-
er during the planning process. The
effect of the rule is to provide an incen-
tive for private landowner participation in
the program.

The California Department of Fish
and Game’s NCCP Process and Conser-

Gnatcatcher Habitat Encroachment.

Photo Credit: Claire Dobert
U.S. Fish and Wildlife Service
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vation Guidelines were designed to com-
plement the Interior Department propos-
al and provide guidance for the various
stakeholders. Together, these two docu-
ments provide a blueprint for the devel-
opment of 10 subregional preserves in
Southern California. In addition, the
state Fish and Game Department and the
U.S. Fish and Wildlife Service signed a
memorandum of understanding that
eliminates the redundancy of parallel reg-
ulatory requirements. The Fish and
Wildlife Service also provided a formal
assurance that nonfederal landowners
with approved multispecies plans will not
be subjected to further land-use restric-
tions or mitigation requirements if addi-
tional species are listed or other regulato-
ry action is required.

The next step is to develop plans for
preserves. Some 30 projects in San Diego
County and 8 in Orange County are in
advanced stages of review for consistency
with preserve guidelines. In San Diego
County, three subregional plans are being
considered: the Multi-Species Conserva-
tion Program, which covers 580,000 acres
in the city of San Diego and southwestern
San Diego County; the North County
Multiple Habitat Conservation Program,
which covers 610,000 acres in 10 of the
county’s northernmost jurisdictions; and a
third plan covering 1 million acres, most
of which are owned by the U.S. Forest

Service and Bureau of Land Manage-
ment and by the county park and recre-
ation department. In Orange County, two
plans covering about 340,000 acres are
under way.

Limited financial resources for needed
land acquisition present a difficult chal-
lenge for these conservation plans. The
Interior Department has provided some
federal support through the Endangered
Species Act. The state has encouraged
the use of tax credits and other incentives
for owners to participate in voluntary
habitat stewardship. Another cost-saving
possibility is to acquire less than fee inter-
ests, such as development rights.

FUTURE CHALLENGES

Promising new approaches, such as
the NCCP process in California, offer
hope that innovative new ways can be
found to balance growth and environ-
mental protection. Such approaches can
be difficult and complicated, involving
many jurisdictions and economic inter-
ests. But they recognize the vital impor-
tance of balancing development needs
with environmental needs including pro-
tection of large-scale ecosystems.

As U.S. population continues to grow
in this decade and in the next century,
the need for creative solutions will persist.
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Air Quality

he use of regulatory approaches to

manage air quality has been remark-
ably successful in the United States. From
1970 to 1994, total U.S. population grew
by 27 percent, vehicle-miles traveled grew
by 111 percent, and gross domestic prod-
uct (GDP) grew by 90 percent. Yet in this
same period the combined emissions of
the six principal air pollutants dropped by
24 percent (Figure 10.1).

This is in stark contrast to past experi-
ence. Air pollution typically has followed
economic and demographic trends. For
example, during the Great Depression of
the 1930s, emissions of air pollutants

Figure 10.1 U.S. Emissions,
Demographic, and Economic
Trends, 1970-1994
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Source: U.S. Environmental Protection Agency, Air Qual-
ity Trends (EPA, Research Triangle Park, NC, 1995).
Note: GDP=gross domestic product.

declined dramatically. During World War
I1, increased industrial production raised
emissions to levels higher than those of
the pre-Depression era. It has been esti-
mated that, between 1900 and 1970, emis-
sions of nitrogen oxides increased about
700 percent, volatile organic compound
emissions increased about 250 percent,
and sulfur oxides increased about 200 per-
cent. Without the Clean Air Act, emissions
of these and other pollutants would have
continued to rise (see also Figure 10.2).

BACKGROUND

The Clean Air Act was signed into law
in 1963, but it was the enactment of
amendments to the law in 1970 that
proved to mark a turning point in progress
on air pollution control.

The basic objective of the law is to pro-
tect people and natural resources from air-
borne pollutants that could endanger pub-
lic health and welfare or destroy the
nation’s natural resources.

The 1970 Clean Air Act amendments
gave EPA three major tasks: (1) to set
national ambient air quality standards
(NAAQS); (2) to set new source perfor-
mance standards (NSPS), and (3) to
develop motor vehicle emission standards.
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Figure 10.2 U.S. Emissions by Type, 1900-1994
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National ambient air quality standards
set maximum allowable ambient concen-
trations for each pollutant. There are two
kinds of standards: primary standards,
which are designed to protect public
health, and secondary standards, which
are designed to protect public welfare
(e.g., to protect against decreased visibili-
ty and damage to animals, crops, vegeta-
tion, and buildings). Primary standards
are to be attained within prescribed dead-
lines; secondary standards are to be
attained as expeditiously as possible.
NAAQS have been developed for six
common air pollutants, designated “crite-
ria” pollutants: carbon monoxide (CO),
lead, nitrogen dioxide (NO,), ground-
level ozone, particulate matter with a
diameter of 10 micrometers or less (PM-
10), and sulfur dioxide (SO,).

Geographic areas that meet or fall
below the primary standards are called
“attainment areas”; areas that do not
meet the standards are “nonattainment
areas.” In attainment areas, new sources
and major modifications to existing
sources must use the best available tech-
nology to control emissions, although
energy, economic, and environmental
concerns are considered on a case-by-
case basis. In some cases, where a specific
existing source causes problems in the
more pristine areas (parks and wilder-
ness), the source must use the best avail-
able retrofit technology controls.

In nonattainment areas, new sources
are required to achieve the lowest possi-
ble emissions rate regardless of economic
considerations. Furthermore, emissions
from new sources must be offset by emis-
sions from existing sources in the same
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geographic area, resulting in a net
improvement in ambient air quality.

Once air quality improves and meets
the primary standards, nonattainment
areas must develop a contingency plan of
action to ensure continued attainment of
the standards and are then formally
redesignated. In September 1996, there
was only one nonattainment area for
NO». There were 10 nonattainment
areas for lead, 31 for CO, 43 for SO,, 68
for ozone, and 81 for PM-10 (Figure
10.3). Altogether, 171 areas were in non-
attainment for one or more pollutants.

New source performance standards are
nationally uniform standards based on
the best demonstrated technology, taking
cost into account, for a particular source
category or process. These standards are
designed to prevent new pollution caused
by future growth and to improve air pol-
lution as old facilities are replaced. Emis-
sions limits have been set for about 60
source categories.

Motor vehicle emission standards con-
trol exhaust and evaporative emissions
from cars, trucks, buses, and motorcycles.
Emission standards were first established
in the 1970s. Since then, they have
become increasingly more stringent.
They have accounted for much of the
decline in CO, VOC, and NOx emis-
sions: on average, a new car in 1990 is
about 70 percent cleaner than a car built
in 1970 without emission controls. The
1990 Clean Air Act amendments intro-
duced a variety of new measures requir-
ing even cleaner cars, cleaner fuels,
enhanced inspection and maintenance
programs, and—for the first time—emis-
sions requirements for nonroad engines

such as lawn mowers, boats, construction
equipment, and farm equipment.

In addition to criteria air pollutants,
the Clean Air Act also requires EPA to
regulate hazardous air pollutants or “air
toxics.” Initially EPA regulated only seven
hazardous air pollutants that caused seri-
ous health problems. The 1990 amend-
ments expanded the list to 189 pollutants
and required EPA to set technology-based
control standards for 174 categories of
sources.

The 1990 amendments also created a
national acid rain control program with
reduction targets for SO, and nitrogen
oxides (NOy). For SO,, the goal is to
reduce annual emissions to a level 10
million tons below the 1980 level, a goal
that will be largely reached by 2000.
Another goal is to reach a permanent
national limit, or annual cap, of 8.9 mil-
lion tons for electric utility SO, emissions
by 2000. A 1995 goal to reduce non-utili-
ty industrial SO2 emissions by 5.6 mil-
lion tons has already been met.

Figure 10.3 U.S. Nonattainment
Areas, 1990 and 1996
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Source: U.S. Environmental Protection Agency.
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level ozone.
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Figure 10.4 Change in U.S. Emissions, 1970 to 1994
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The 1990 amendments also call for a
10 percent reduction—or 2 million
tons—in annual national NO, emissions
by 2000. The acid rain program is expect-
ed to account for a major part of the NOy
reductions.

Trends in Ambient Air Quality
and Emissions

Except for NO,, emissions contribut-
ing to criteria air pollutants decreased
between 1970 and 1994. The most spec-
tacular decline was for lead, for which
annual emissions declined 98 percent
(Figure 10.4). The declines in pollution-
causing emissions have led to significant
declines in concentrations of the criteria
pollutants, improving air quality and

yielding substantial human health, wel-
fare, and ecological benefits.

Carbon Monoxide. Carbon monox-
ide is a colorless, odorless, poisonous gas
formed when carbon in fuels is not
burned completely. It enters the blood-
stream and reduces oxygen delivery to
the body’s organs and tissues, represent-
ing a serious health threat for those who
suffer from cardiovascular disease. Motor
vehicle exhaust contributes more than
two thirds of all CO emissions nation-
wide, and as much as 95 percent in cities.
Other sources include industrial process-
es and fuel combustion in boilers and
incinerators.

From 1970 to 1994, CO emissions
declined from 128 million to 98 million
tons per year, or 23 percent. During the
1985-94 period, CO emissions declined
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Box 10.1
Indoor Air Pollutants

Recent evidence indicates that air in homes, schools, and workplaces can have higher lev-
els of pollution than outdoor air, affecting health, comfort, and productivity. Common indoor
air pollutants include radon; lead; environmental tobacco smoke (ETS); biological pollutants
such as mold, dust mites, animal dander, bacteria, and viruses; and household chemicals
and pesticides.

Potential long-term health effects include respiratory disease, damage to the brain and ner-
vous system, cancer, and a variety of acute and chronic health problems, including asth-
ma. The elderly and the young are particularly at risk from prolonged exposure.

Numerous federal agencies—including EPA, the Department of Labor’s Occupational Safe-
ty and Health Administration (OSHA), the Department of Health and Human Services
(including the Centers for Disease Control and Prevention), the Department of Energy, the
Consumer Product Safety Commission, the Department of Housing and Urban Develop-
ment, the General Services Administration, and others—are involved in efforts to reduce
risk and improve the indoor air environment. States also have passed laws related to indoor
environmental quality.

Radon, a naturally occurring gas, is the country’s second leading cause of lung cancer,
accounting for 7,000-30,000 deaths per year. Fortunately, radon can be managed with read-
ily available technology. Between 1990 and 1994, the proportion of U.S. households that
tested their homes for radon increased significantly. Federal goals for the next ten years
include increasing the proportion of homes tested, increasing the number of jurisdictions
in which testing is required as part of real estate transactions, increasing the number of juris-
dictions with construction standards and techniques that minimize radon, and increasing
the number of new homes built with radon-resistant features.

Although lead blood levels in children have declined significantly since the 1970s (primar-
ily as a result of the switch to unleaded gasoline), /ead continues to pose serious risks to
children’s health (see also Chapter 6, “Environmental Justice”).

ETS is responsible for approximately 3,000 lung cancer deaths in nonsmokers annually,
as well as 150,000 to 300,000 lower respiratory tract infections in infants, resulting in up to
15,000 hospitalizations per year. It exacerbates existing cases of childhood asthma and
causes new ones. As public awareness of the dangers of “passive smoking” increase, chil-
dren’s exposure declines. Federal agencies and many private sector organizations are
working toward the goal of reducing the proportion of children regularly exposed to tobac-
€O smoke.

15 percent (Figure 10.5), and national percent, respectively). This recent
average CO concentrations declined 28  increase can be attributed to two sources:
percent (Figure 10.6). However, between transportation emissions, which were up
1993 and 1994, both emissions and con- 2 percent, and wildfire emissions, up 160
centrations increased (4 percent and 2 percent.
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Figure 10.5 U.S. CO Emissions,
1985-1994
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Figure 10.6 U.S. CO
Concentrations, 1985-1994
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Lead. Lead is unquestionably a seri-
ous health hazard. Excessive exposure

can cause anemia, kidney disease, repro-

ductive disorders, and neurological
impairments such as seizures, mental
retardation, and behavioral disorders.
Even at low doses, lead exposure can be

Figure 10.7 U.S. Lead
Emissions, 1985-1994
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harmful. Fetuses and children are espe-
cially susceptible.

The transition to unleaded gasoline in
automobiles is responsible for most of the
remarkable 98 percent decline in lead
emissions between 1970 and 1994—from
219,500 tons to only 5,000 tons annually.
Emissions decreased 75 percent in the
1985-94 period alone (Figure 10.7).
Between 1993 and 1994, lead emissions
remained unchanged while national
average lead concentrations decreased 20
percent (Figure 10.8). Violations of the
standard that still occur generally are in
the vicinity of nonferrous smelters and
other stationary sources.

Nitrogen Dioxide. The pollutant
NO, belongs to a family of highly reac-
tive gases called nitrogen oxides (NOy).
These gases form when fuel is burned at
high temperatures and come principally
from motor vehicle exhaust and from sta-
tionary sources such as electric utilities
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Figure 10.8 U.S. Lead
Concentrations, 1985-1994
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Figure 10.9 U.S. NOX
Emissions, 1985-1994
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and industrial boilers. No human health
effects of short-term exposure to typical
levels of NO, have yet been demonstrat-
ed, but continued or frequent exposures
to very high concentrations may cause
increased incidence of acute respiratory
illness in children. NO,, and the atmos-
pheric nitrogen species formed from it
contribute to the acid rain problem, and

is now thought to be among the chemi-
cals promoting the decline in aquatic
ecosystems, especially along the Atlantic
coast.

Over the 1970-94 period, emissions of
NO,, increased 14 percent, from 20.6
million to 23.6 million tons per year.
Since 1985, emissions from highway
vehicles decreased 7 percent while fuel
combustion emissions increased 8 per-
cent (Figure 10.9). Between 1993 and
1994, both NO,, emissions and NO, con-
centrations increased (Figure 10.10),
largely as a result of increased emissions
from off-highway vehicles and wildfires.
Even with this increase, 1994 was the
third year in a row that all monitoring sta-
tions across the country, including Los
Angeles, met the NO, national air quality
standard.

Ozone. Ground-level ozone (smog)
remains the most complex, difficult to
control, and pervasive of the six principal
pollutants. Ozone is not emitted directly,
but is created by sunlight acting on NOy
and volatile organic compounds (VOC)

Figure 10.10 U.S. NO2

Concentrations, 1985-1994
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Figure 10.11 U.S. Population in
Counties with Air Quality Levels
Above the NAAQS, 1994
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Figure 10.12 U.S. Ozone
Concentrations, 1985-1994
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emissions. NO, and VOC emissions are
precursors of ozone formation. In addi-
tion to numerous nonanthropogenic
sources, there are thousands of sources of
VOC, including gasoline vapors, chemi-
cal solvents, combustion products of vari-
ous fuels, and consumer products. They
can originate from large industrial facili-
ties, gas stations, and many other large
and small businesses.

At high levels of activity, exposure to
ozone near the current NAAQS level for
six or seven hours can reduce lung func-
tion and produce symptoms such as chest
pain, coughing, nausea, and pulmonary
congestion. Results from animal studies
indicate that repeated exposure at high
levels for several months can produce
permanent structural damage to the
lungs, although there are limits to the
extent to which these results can be
extrapolated to humans. Ozone can also
damage forest ecosystems and lower agri-
cultural crop yields.

High levels of ozone persist in many
heavily populated areas, including much
of the Northeast, the Texas Gulf Coast,
and Los Angeles. In 1994, about 50 mil-
lion people were living in counties with
ozone levels above the national standard
(Figure 10.11). Average ambient ozone
concentrations reported by monitoring
networks were about 12 percent lower in
1994 than in 1985, even though meteoro-
logical conditions in 1994 were con-
ducive to ozone formation (Figure 10.12
and Table 30). Recent control measures,
including regulations to reduce evapora-
tion of fuel and to limit NO, and VOC
emissions from tailpipe exhaust, may be
responsible for the reduction. Emissions
of anthropogenic VOC decreased 10 per-
cent between 1985 and 1994 (Figure
10.13).

Particulate Matter. Particles are emit-
ted from a variety of sources, including
diesel trucks, wood stoves, and power
plants. The PM-10 standard applies to
small particles with a diameter of 10
micrometers or less. Such particles can
damage respiratory systems and cause
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Figure 10.13 U.S. VOC
Emissions, 1985-1994
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Figure 10.14 U.S. PM-10
Emissions, 1985-1994
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premature death. The smaller-sized parti-
cles (less than 2.5 micrometers in diame-
ter) include many precursors to ozone
and affect visibility.

Over the 1970-94 period, anthro-
pogenic PM-10 emissions from sources
such as fuel combustion, industrial
processes, and transportation declined 78
percent. During the 1988-94 period,
emissions declined 12 percent (Figure
10.14). Over the same 1988-94 period,
average ambient concentrations declined
about 20 percent, from 33.4 to 26.6
micrograms per cubic meter (Figure
10.15).

Sulfur Dioxide. Sulfur dioxide, which
is part of the family of sulfur oxide gases
(SOy), is formed when fuel containing
sulfur (mainly coal and oil) is burned.
Health concerns related to high exposure
levels include breathing difficulty, respi-
ratory illness, alterations in pulmonary
defenses, and aggravation of existing car-

diovascular disease. Asthmatics or people
with chronic lung disease or cardiovascu-
lar disease are particularly sensitive to
high levels of SO,. SO, emissions can
damage the foliage of trees and agricul-
tural crops, and SO, and NO, are pre-
cursors to acid rain, which is associated
with the acidification of lakes and
streams. Sulfur compounds also con-

Figure 10.15 U.S. PM-10
Concentrations, 1988-1994
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Figure 10.16 U.S. 802
Emissions, 1985-1994
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tribute to visibility degradation, depletion
of nutrients in forest soils, and materials
damage (e.g., buildings and monuments).
Over the 1970-94 period, emissions of
S0, declined 32 percent. Between 1985
and 1994, emissions declined 9 percent
(Figure 10.16) and concentrations
declined 25 percent (Figure 10.17).

Figure 10.17 U.S. 802
Concentrations, 1985-1994
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Overall Trends. The Pollutant Stan-
dards Index (PSI) is an overall assessment
of air quality for a given day. These val-
ues are reported daily in all cities with
populations over 200,000. A PSI value
over 100 indicates that at least one crite-
ria pollutant exceeded air quality stan-
dards on a given day. Between 1985 and
1994, the total number of reported days
per year nationwide with a PSI value
greater than 100 declined 72 percent (not
including Los Angeles and Riverside,
California). In Los Angeles, the number
of days per year with a PSI value greater
than 100 declined 35 percent during that
time; in Riverside, the decline was 27
percent (Figure 10.18).

Hazardous Air Pollutants

The 1990 Clean Air Act amendments
introduced important innovations for
controlling air toxics—pollutants that are
known or suspected to cause cancer, poi-
soning, nausea, and a variety of immuno-
logical, neurological, reproductive, devel-
opmental, and respiratory effects. These
pollutants also contaminate soil, streams,
and lakes, affecting ecological systems
and further threatening human health
through consumption of contaminated
foods (especially freshwater fish).

Air toxics include benzene, dioxin,
chromium, mercury, formaldehyde, and
toluene. Prior to passage of the 1990
amendments, EPA had regulated only
seven of the hundreds of hazardous air
pollutants emitted from motor vehicles,
factories, and other sources, reducing
annual air toxics emissions by only
125,000 tons. The problem under the
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Figure 10.18 U.S. Urban Air
Quiality, 1985-1994
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1970 amendments was that EPA first had
to establish that pollutants cause death or
serious illness before regulating these air
toxics to levels that protect public health
“with an ample margin of safety.” Under
this risk-based approach, EPA could not
clearly define a “safe” level of exposure to
these cancer-causing pollutants, and it
became almost impossible to issue regu-
lations where there was no clear evidence
of public harm.

The 1990 amendments called for a
new approach. EPA must identify cate-
gories of “major” sources that emit any of
the 189 toxic air pollutants listed specifi-
cally under the act. A major source is one
that emits more than 10 tons per year of a
single air toxic or 25 tons per year of any
combination of air toxics. By the year
2000, EPA is required to develop technol-

ogy-based emissions standards for these
source categories that reflect the “maxi-
mum achievable control technology” for
all of the toxic pollutants emitted by
them. These standards must reflect some
of the best control technologies that have
already been demonstrated (they must be
at least the average of the best performing
12 percent).

As of July 1996, EPA had issued regu-
lations affecting 46 industrial categories
that emit one or more hazardous pollu-
tants. By 1999, these regulations will
have reduced annual air toxics emissions
by nearly 1 million tons.

Data on air toxics have been collected
since 1987 in the Toxics Release Invento-
ry (TRI). This inventory covers 300
chemicals and is submitted annually by
manufacturing facilities with 10 or more
employees. The TRI does not provide a
complete picture of air toxics emissions.
For example, it does not include all toxic
pollutants and does not include small
companies and the mobile, commercial,
and residential sectors, which can be sig-
nificant sources of emissions. Neverthe-
less, it is useful to note that between 1988
and 1994, total TRI air emissions
declined by 41 percent, from 2.3 billion
pounds per year in 1988 to 1.3 billion
pounds in 1994 (Figure 10.19). Of the 10
toxic air pollutants that together account
for more than half of total TRI air emis-
sions, all but hydrochloric acid have
declined since 1988.
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Benefits and Costs of the Clean
Air Act, 1970 to 1990

In May 1996, EPA completed a draft
study on benefits and costs of the Clean
Air Act during the 1970-90 period. The
draft analysis, which has been reviewed
by the EPA Scientific Advisory Board and
is undergoing revision, found that spend-
ing for Clean Air Act programs during
this 20-year period yielded benefits that
far outweighed the costs.

The authors stress that many uncer-
tainties could broaden the range of out-
comes, particularly regarding the human
health, human welfare, and ecological
benefits of emissions reduction, as well as
the economic valuation of those benefits.
On the other hand, inclusion of non-
monetized and unguantified benefits
would be likely to raise both the lower
and upper bounds of the range, perhaps
by significant amounts. The additional
value of reductions in air toxics, protec-
tion of ecosystems, and a variety of other
health and environmental effects could
not be quantified or monetized. For
example, the reduction in both criteria
pollutants and air toxics probably yielded
widespread improvements in the health
and quality of terrestrial and aquatic
ecosystems. In some cases, strong scientif-
ic evidence of a health effect existed, but
data were still too limited to support
quantitative estimates of incidence reduc-
tion (e.g., changes in lung function asso-
ciated with long-term exposure to ozone).
Similarly, the contribution of air pollu-
tion deposition to water quality problems
was not well enough established to quan-
tify costs and benefits.

Figure 10.19 U.S. Emissions
of Air Toxics, 1988, 1992, and
1994
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Not all clean air regulations yielded
equally favorable comparisons of costs
and benefits. A large proportion of the
benefits are linked to the dramatic reduc-
tion in two pollutants in particular: lead
and PM-10. However, PM-10 is caused
by a wide variety of precursor emissions,
such as SO, from utilities and NO,, from
motor vehicles. Reductions in these emis-
sions yield a variety of direct and indirect
health, ecological, and visibility benefits,
including reduced ambient particulate
concentrations.

RECENT DEVELOPMENTS

In recent years, there have been sever-
al significant new developments in air
pollution control. For example, market-
oriented, economic incentive-based
approaches increasingly are used as com-
plements to traditional command-and-
control regulation. The trend toward
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more flexible, performance-based imple-
mentation is growing, and there is
increased recognition of the value of vol-
untary and cooperative initiatives.

Emissions Trading

Emissions trading among stationary
sources is an increasingly important regu-
latory tool. Under emissions trading sys-
tems, a company that reduces emissions
below the level required by law can
receive credits usable against higher emis-
sions elsewhere. Companies can trade
emissions among sources within their
own company and with other companies
so long as combined emissions stay within
an aggregate limit. Companies also can
trade emission credits or store earned
emission credits for future use.

The largest emissions trading program
is the SO, allowance trading system
established by the acid rain control pro-
gram. This system uses market incentives
to reduce pollution. Under this system,
the highest-emitting utilities are allocated
allowances based on their historic con-
sumption and a specific emissions rate.
Each allowance authorizes a utility to
emit one ton of SO, during a specified
year. Allowances can be bought, sold, or
traded.

In 1995, because all 445 affected utili-
ty units met their compliance obligations,
SO, emissions did not exceed
allowances. In fact, these utilities togeth-
er held 8.7 million SO, allowances, per-
mitting up to 8.7 million tons of SO,
emissions, but only emitted 5.3 million
tons—39 percent less than allowed. The
remaining allowances were banked to

allow emissions in later years. The Gen-
eral Accounting Office has estimated that
by 2010, the cost of compliance with SO,
emissions reduction goals will be less
than half what they would be without the
allowance trading system.

A similar system of allowance trading
is being developed for NO, emissions in
the northeastern United States by the
Ozone Transport Commission (OTC).
The OTC was established by the 1990
Clean Air Act amendments to coordinate
state efforts to reduce ground-level ozone
in 12 northeastern states and the District
of Columbia. Other regions are also look-
ing to allowance systems. The Southern
California Air Quality Management Dis-
trict has started RECLAIM (Regional
Clean Air Incentives Market) to limit
new and existing sources of SO, and
Noy. lllinois has proposed an allowance
system for VOC in the Chicago region.

A second major system of emissions
trading is open-market trading. In August
1995, EPA proposed an open-market
trading program for ozone-creating NOy
and VOC emissions. Under this program,
a company that exceeds its required pol-
lution reductions would have the oppor-
tunity to sell its “surplus” reductions (or
“credits”) to companies that find credits a
cost-effective way to comply with the
emissions reduction requirements. Once
a state adopts and EPA approves an open-
market trading plan, companies would be
able to freely engage in trades without
prior approval as long as reporting and
public health standards are met.

Expanded use of market trading on
local and regional levels will give compa-
nies broad flexibility to find lowest-cost
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approaches to emissions reductions. The  EPA also proposed significant revisions to
system will encourage experimentation streamline the permitting process for new
with new trading options. sources of air pollution, making it easier
for companies to certify compliance.
These actions are expected to reduce
paperwork burdens for businesses by as
In August 1995, EPA proposed ways to  much as 10 million hours over the next 3
simplify the complex procedures under  years, allowing companies to focus time

Cutting Red Tape

which air pollution permits are issued. and effort on productive activities and on
Companies will be better able to keep avoiding violations of air pollution con-
their processes up-to-date without need-  trols, and saving about $600 million.

ing to meet burdensome procedural Overall, the regulation of air pollution
requirements. in the United States is going through a

In March 1996, EPA proposed reforms  significant transition, with increased
that will further simplify the process by emphasis on cost-effectiveness, flexibility,
combining multiple, overlapping Clean ~ community participation, and the use of
Air Act requirements into one permit. market-based incentives.
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CHAPTER ELEVEN

Stratospheric Ozone

he ozone layer is vital to life as we

know it. Ozone shields living things
from the most biologically damaging
wavelengths of solar ultraviolet radiation,
known as UV-B and UV-C, which can
alter the structure of genetic material and
lead to harmful mutations. Scientists
believe that land-based life could not have
evolved on Earth without the ozone
layer’s protection.

Ninety percent of the Earth’s ozone
resides in the stratosphere, forming a layer
that begins 6 miles above the planet’s sur-
face and extends to a height of 25 miles.

This layer absorbs all UV-C radiation
and most UV-B, while allowing the
longer, largely beneficial wavelengths
(UV-A) of sunlight to penetrate to the land
and ocean below.

The ozone layer normally exists in a
state of dynamic balance, with the gas
continually being formed and destroyed at
equal rates. Except for seasonal variations,
this balance maintains ozone concentra-
tions at relatively constant levels over
time. (Short-term natural fluctuations
occur in response to changes in solar
activity, volcanic eruptions, shifts in wind
patterns, and other phenomena.)

THE PROBLEM AND ITS CON-
SEQUENCES

In the past several decades, however,
increasing amounts of chlorine- and
bromine-containing compounds, used by
society for a wide range of applications,
have drifted up to the stratosphere.
Increasing concentrations of chlorine and
bromine from these chemicals have upset
the ozone layer’s balance, causing more of
the chemical to be destroyed than is pro-
duced. The cumulative decline in stratos-
pheric ozone over the Northern Hemi-
sphere since 1979 has been roughly 5
percent, with record lows measured in
late 1994 and early 1995. The seasonal
Antarctic ozone “hole,” first detected in
1985, has covered an area of roughly 9.5
million square miles—Ilarger than North
America—each austral spring since 1990.
The 1995 ozone hole was the longest last-
ing on record (Figure 11.1).

United Nations projections indicate
that as ozone depletion reaches its peak
before the year 2000, mid-latitudes in the
Northern Hemisphere may experience a
15 percent increase in UV-B exposure
during winter and spring and an 8 percent
increase in summer, compared with levels
of the late 1960s. (These projections
assume that other factors affecting the
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Figure 11.1 Ozone Thickness
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Note: Mean October ozone column thickness is
measured at the BAS station, Halley Bay, Antarctica.

amount of UV-B that reaches the surface,
such as cloud cover and atmospheric pol-
lution, remain unchanged.)

For humans, the potential conse-
guences of such increases in UV-B expo-
sure include a higher risk of skin cancers
and cataracts and lower resistance to
infectious diseases. Agricultural, ecologi-
cal, climatological, and biogeochemical
impacts are also possible, including
reductions in crop productivity, changes
in plant communities, disruption of
aquatic food webs, reductions in fish and
amphibian populations, changes in
stratospheric circulation, and changes in
the atmospheric concentrations of green-
house gases such as methane and carbon
dioxide.

THE INTERNATIONAL
RESPONSE

December 31, 1995, the date on
which the industrialized nations of the
world officially ended their production of

ozone-depleting chlorofluorocarbons
(CFC:s), stands as the defining milestone
of an extraordinary 22-year endeavor that
has united scientists, policymakers, diplo-
mats, corporate officials, and engineers in
service to the global environment.

The process began in 1974, when
Nobel Prize-winning chemists Mario
Molina and F. Sherwood Rowland pub-
lished their seminal paper linking CFCs
to the destruction of stratospheric ozone.
At the time, over 5 million metric tons of
CFCs were being produced worldwide
each year, for use in refrigeration, air-
conditioning, insulating foams, and
aerosol cans.

Political leaders were initially reluc-
tant to ban such valuable chemicals on
the strength of an uncertain scientific
hypothesis. But, over time, further
research began to confirm that CFCs
indeed posed a serious threat.

In 1976, the National Academy of Sci-
ences upheld Molina and Rowland’s con-
clusions, and 2 years later the United
States and several other countries banned
the sale of nonessential aerosol cans con-
taining CFCs. Although the ban had a
significant impact on CFC emissions and
temporarily reduced demand for the
chemicals, global production began
climbing again as new applications were
developed.

By 1985, concern about the continued
increase in global CFC production,
along with additional scientific evidence,
prompted 22 nations to negotiate and
subsequently sign the Vienna Conven-
tion for the Protection of the Ozone
Layer, an agreement that established
mechanisms for international scientific

194

ENVIRONMENTAL QUALITY



Stratospheric Ozone

cooperation and committed the parties to
take action to protect stratospheric ozone.

Although the Convention did not alter
the production or use of CFCs, it created
the legal framework for a binding proto-
col to be negotiated in the future.

While significant uncertainties
remained, growing scientific evidence
led international negotiators to discuss
specific limits on the production and use
of CFCs and halons (related chemicals
that also adversely affect stratospheric
ozone). These talks culminated in the
signing, in September 1987, of the Mon-
treal Protocol on Substances That
Deplete the Ozone Layer.

The Protocol initially required its par-
ties to freeze CFC production at 1986
levels by 1989, phasing down to a 50 per-
cent reduction by 1998. It also froze, but
did not reduce, halon production. The
agreement provided a 10-year delayed
compliance schedule to developing
countries with CFC and halon consump-
tion below 0.3 kilograms per capita.

In addition, the Protocol established a
process for periodic international assess-
ments of ozone depletion science, the
environmental effects of ozone deple-
tion, and technological and economic
options. These assessments, performed by
expert panels under the auspices of the
United Nations Environment Pro-
gramme (UNEP) and the World Meteo-
rological Organization (WMO), have
played a key role in the subsequent nego-
tiation of amendments to strengthen the
Protocol’s provisions.

In March 1988, just 6 months after
the Montreal Protocol was signed, the
WMO’s Ozone Trends Panel reported

that statistically significant levels of ozone
depletion were occurring over middle lat-
itudes as well as the poles, and it provid-
ed the strongest evidence yet that CFCs
and halons were the cause. These find-
ings prompted a reassessment of the Pro-
tocol and its effectiveness. Meeting in
London in 1990, the parties negotiated
the first schedule for a total phaseout of
CFCs and other ozone-depleting com-
pounds.

The London amendments banned
production and importation of CFCs and
halons in industrialized nations by the
year 2000 and added two new ozone-
depleting compounds—the industrial sol-
vents carbon tetrachloride and methyl
chloroform—to the list of controlled
chemicals. The London meeting also
established a fund to assist developing
countries, which must complete their
CFC phaseout by 2010, in fulfilling their
obligations under the agreement.

In February 1992, the United States,
responding to new scientific information
about ozone losses, announced that it
would accelerate its phaseout of CFCs to
December 31, 1995. This decision, cou-
pled with the conclusions of
UNEP/WMO assessments published
since the London amendments, helped
lead the Montreal Protocol parties to
negotiate an accelerated and expanded
phaseout later that year.

These amendments, adopted at a
meeting in Copenhagen, phased out
halons in 1994, and CFCs, carbon tetra-
chloride, and methyl chloroform by Janu-
ary 1, 1996. The new agreement also set
restrictions on hydrochlorofluorocarbons
(HCFCs)—CFC substitutes that have a
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relatively small but not insignificant
ozone-depleting potential—and froze the
production of methyl bromide, an agri-
cultural fumigant that new research had
shown to be an important contributor to
ozone depletion.

Meeting again in December 1995, the
parties—now numbering more than 150
countries—agreed to phase out the pro-
duction of methyl bromide in industrial-
ized countries by 2010. Developing
countries agreed to new restrictions on
methyl bromide and HCFCs.

As a direct result of the Montreal Pro-
tocol and its amendments, chlorine con-
centrations in the troposphere peaked in
early 1994 and began declining in 1995
(Figure 11.2). Stratospheric chlorine
concentrations are expected to peak
before the year 2000. Assuming contin-
ued global compliance with the amend-
ed Protocol, the ozone layer is projected
to gradually recover over the coming

Figure 11.2 Tropospheric Abun-
dance of Ozone-Depleting Chem-
icals from Humans, 1992-1995
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decades, returning to pre-ozone-hole lev-
els by around 2050 (Figure 11.3).

THE U.S. APPROACH TO
OZONE LAYER PROTECTION

In implementing its commitments
under the Montreal Protocol and the
Vienna Convention, the United States
has aimed to achieve an orderly phaseout
of ozone-depleting substances (ODSs)
and a smooth transition to alternatives,
minimizing costs to producers, manufac-
turers, and consumers.

The government’s approach has
emphasized flexibility, facilitation, and
close cooperation with affected parties,
while attempting to send clear and
unambiguous signals that ODS produc-
tion and imports will be eliminated on
schedule.

The phaseout of ODS production and
importation has been, and continues to
be, implemented through an array of
general and sector-specific measures,
including:

= aprogressively increasing excise tax

on controlled substances;

= tradable production and importa-
tion allowances;

< a halon banking system;

e monitoring and reporting require-
ments;

= mandatory recovery and recycling
of refrigerants during service and dis-
posal;

< product labeling requirements;
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Figure 11.3 Adjusted Atmospheric
Chlorine Loading, 1985-2030
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= aprogram to review the health
effects, safety, and availability of alter-
natives;

« federal procurement regulations;

< bans on nonessential products
(such as party streamers);

< interdiction of illegal imports; and

« training of law enforcement officers
in the U.S. and abroad.

Narrow exemptions for health- and
safety-related applications are allowed, as
are small levels of CFC production for
export to developing countries. Recycled
or surplus ODSs produced or imported
prior to the 1996 phaseout may be used
to service existing equipment.

Many agencies play a role in these
programs, including EPA, the Internal
Revenue Service, the Federal Trade
Commission, the Customs Service, the
State Department, the Commerce
Department, the Justice Department and
the Department of Agriculture. Individ-
ual states and municipalities have also
passed legislation or launched programs
to reduce emissions of ODSs.

The effective use of market instru-
ments, such as the CFC excise tax and
tradable permits, has been a hallmark of
the government’s phaseout strategy. The
excise tax, which took effect in 1990,
established a base level (initially $1.37
per pound), with adjustments according
to each chemical’s ozone-depleting
potential. The base tax rose incremental-
ly as the phaseout deadline
approached—reaching $5.35 per pound
in 1995— providing a clear price signal
and an incentive for users to switch to
alternatives. The tax applies to floor
stocks as well as sales, thus discouraging
excessive hoarding of virgin ozone-deplet-
ing chemicals for use after the produc-
tion phaseout. An exemption for recycled
and reprocessed CFCs, used primarily to
service refrigeration and air-conditioning
equipment, is making the transition more
affordable for building and automobile
owners.

The tradable permit system ensured
an orderly phaseout of production and
consumption of ODSs by allocating
steadily diminishing allowances to pro-
ducers and importers. To provide flexibil-
ity, unused allowances could be sold,
with certain restrictions, to companies
that were still manufacturing or import-
ing the chemicals. Allowances could also
be used, with restrictions, to make or
import larger quantities of other chemi-
cals with a lower ozone-depleting poten-
tial.

The federal government has com-
bined regulatory controls with a collabo-
rative and flexible approach, working
closely with producers, manufacturers,
and users to ensure a smooth transition
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away from ozone-depleting substances.
For example, when it first became appar-
ent that supplies of CFC-12—a refriger-
ant used in car air conditioners and some
chillers (air-conditioning units for com-
mercial buildings)—might not be ade-
quate to service existing equipment after
the phaseout, EPA encouraged affected
industries to establish banks of virgin and
recycled CFC-12 while the chemical was
still readily available. The agency provid-
ed information on alternatives to CFC-12
and encouraged industry to extensively
evaluate low-cost alternatives for use in
existing car air conditioners.

EPA currently operates a nationwide
CFC-12 clearinghouse on the Internet to
improve public access to information
about price and availability of the refrig-
erant. The U.S. government has played
an important facilitative role in the devel-
opment of alternative chemicals and
technologies. The Significant New Alter-
natives Policy (SNAP) program, officially
established in early 1994, has evaluated
the safety and environmental acceptabili-
ty of a wide range of ODS substitutes in
nearly 100 specific end uses. SNAP has
listed viable alternatives for virtually
every ODS application (with the excep-
tion of methyl bromide), and it has
helped users direct investments appropri-
ately.

EPA also serves as a clearinghouse for
practical information on ODS alterna-
tives. In 1994, the agency began publish-
ing case histories documenting the ways
in which individual companies eliminat-
ed their use of CFCs, and it has spon-
sored an international conference on
CFC and halon alternatives each year

since 1988. EPA operates a toll-free
Stratospheric Ozone Hotline to answer
queries from businesses, organizations,
and the general public.

Key policy developments at the federal
level in 1994 and 1995 include publica-
tion of the final SNAP rule and subse-
guent updates, mobilization of a multia-
gency effort to crack down on illegal
imports of CFCs, and continued support
for development of alternatives to methyl
bromide. EPA also revised controls for
imports of used and recycled ODSs, mod-
ified requirements for exporting ODSs to
developing countries, and implemented a
number of other administrative changes
in the program. EPA, the National Weath-
er Service and the Centers for Disease
Control and Prevention launched the UV
index, a public health information pro-
gram aimed at preventing dangerous
exposures to ultraviolet radiation.

INDUSTRY’S ROLE

In the 1980s, U.S. companies were
using hundreds of thousands of tons of
CFCs to manufacture more than $100
billion in products each year.

By the end of 1995, the production
and importation of CFCs was banned in
the United States and the rest of the
industrialized world. The fact that such a
rapid transition to alternatives occurred
without massive economic disruption
owes much to the creative and proactive
initiatives undertaken by industry.

Industry groups and individual compa-
nies, large and small, dedicated substan-
tial resources toward meeting this chal-
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lenge. Many set stringent, self-imposed
deadlines that went well beyond those
required by law. For example, in 1988,
food-service packaging manufacturers
voluntarily phased out their use of CFCs
in foam products. In 1991, in response to
new scientific evidence, DuPont
announced that it would halt its produc-
tion of CFCs by 1997, three years ahead
of the schedule then imposed by the
Montreal Protocol. In early 1993,
DuPont announced it would stop pro-
ducing CFCs by the end of 1994. Many
other companies eliminated their use of
ODSs ahead of schedule, or voluntarily
improved their products to reduce emis-
sions, and found that their actions gave
them a competitive advantage.

Industry groups such as the Interna-
tional Cooperative for Environmental
Leadership (launched in 1989 as ICOLP,
the International Cooperative for Ozone
Layer Protection) have been valuable

Figure 11.4 Cumulative Pro-
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allies in the effort to eliminate ODSs.
Member companies credit ICOLP with
helping them achieve their phaseouts
ahead of schedule; in some cases up to 4
years ahead of Montreal Protocol dead-
lines. In partnership with EPA, ICOLP
has published and distributed seven tech-
nical manuals on ODS alternative tech-
nologies and practices, and many devel-
oping countries have profited from
ICOLP technical assistance projects.

EPA has provided public recognition
for these dedicated companies and orga-
nizations through its annual Stratospher-
ic Ozone Protection Awards program.

RESULTS OF THE U.S.
PHASEOUT

Before 1970, the United States was the
world’s leading producer of CFCs. But
after the aerosol ban and subsequent
Clean Air Act controls, the U.S. share of
global production rapidly declined. How-
ever, by the mid-1990s, the United States
still accounted for about one third of
world production (Figure 11.4).

Production of CFCs in the United
States peaked in 1987 at nearly 400,000
metric tons, dropping to approximately
180,000 metric tons by 1995 before end-
ing in 1996 (Figure 11.5). Without con-
trols, the production of CFCs was esti-
mated to reach almost 3 million metric
tons by 2005.

In some cases, the phaseout has had
economic as well as environmental bene-
fits. For example, some o0zone-benign
technologies and practices have proved
more cost-effective than those employing
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ODSs. For example, when solvent users
began researching alternative cleaning
methods, many found that they could
reduce or eliminate the use of chemicals
without sacrificing product quality.
Water- and citrus-based solvents have
replaced CFCs in many applications,
and some manufacturers have managed
to eliminate the cleaning process alto-
gether.

Significant improvements in energy
efficiency are expected to result from the

conversion of existing refrigeration equip-

ment to CFC alternatives. By 1998,
according to the Air Conditioning and
Refrigeration Institute, 44 percent of
existing chillers will be converted or
replaced with equipment that uses non-

CFC refrigerants. For new equipment
owners, the resulting efficiency improve-
ments are expected to reduce energy use
by almost 7 billion kilowatt-hours per
year, saving them $480 million annually.
These estimated energy savings would
avoid some 4 million metric tons of car-
bon dioxide and 34,000 metric tons of
sulfur dioxide emissions from fossil fuel
power plants.

FUTURE CHALLENGES

The successful phaseout of CFCs,
halons, methyl chloroform, and carbon
tetrachloride is not the end of the ozone
protection story. Many issues remain to
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be addressed, on both the domestic and
the international level.

Stockpiles of virgin and recycled
CFCs will be used to service existing air-
conditioning and refrigeration equipment
for some time to come. Mobile air-condi-
tioning (in cars and trucks) is the largest
source of ODS emissions in the United
States, and some 90 million older vehi-
cles on the road in 1995 still use CFC-
based air conditioners. Mandatory recov-
ery and recycling of refrigerants have
greatly reduced emissions, but leaky sys-
tems still pose a problem.

Fortunately, in many cases the cost to
convert these vehicles to alternative
refrigerants is far less than some engi-
neers originally thought. For some vehi-
cles and some refrigerants, the cost to
convert is only slightly more than that of
recharging the system with CFC-12.

Emissions of two leading classes of
ODS alternatives, the HCFCs and hydro-
fluorocarbons (HFCs), must be con-
trolled to reduce their environmental
impacts. Both HCFCs and HFCs con-
tribute to global climate change;
HCFCs, while contributing much less to
ozone depletion than CFCs, still con-
tribute some chlorine to the stratosphere.
EPA now requires that both be recycled
during servicing of air-conditioning and
refrigeration equipment.

The Montreal Protocol eliminates
HCFCs by 2030, allowing them to serve
as interim substitutes. The U.N. Frame-
work Convention on Climate Change
and its future protocols, if any, may even-
tually require countries to control emis-
sions of HFCs. EPA intends to continue
working with industry to identify alterna-

tives to HCFCs and HFCs and to miti-
gate their effects through containment
and recycling. EPA is also rejecting
(through the SNAP program) those alter-
natives that exhibit very high global
warming potential unless there is no
other feasible substitute available.

Non-ozone-depleting alternatives for
halons are still needed for about 10 per-
cent of total halon use. These include
military applications (e.g., fire protection
in personnel carriers and command cen-
ters), industrial processing of flammable
liquids and gases, and aviation. Several
U.S. and international groups, including
the U.S. military, EPA, the British Min-
istry of Defense, and U.S. industry, are
seeking alternatives for these applications.

Public awareness and concern about
the health impacts of ozone depletion
may be waning. A number of recent
media reports on scientific findings have
given the impression that 0zone depletion
is a “solved problem” and that there is lit-
tle to worry about. In fact, the ozone layer
is expected to continue thinning until
around the year 2000, and will recover
only gradually after that. It is not expected
to return to pre-ozone-hole conditions
until the middle of the next century.

The phaseout of methyl bromide
poses challenges in the United States and
internationally. Under the Montreal Pro-
tocol, production and consumption of
methyl bromide must be phased out in
industrialized countries by 2010. The
United States, which accounts for 41 per-
cent of global consumption, froze methyl
bromide production at 1991 levels in
1994 and will phase out its production
and importation by 2001. Many alterna-
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tives to methyl bromide have been identi-
fied, but their effectiveness depends on
the specific crop and target pest being
addressed. The U.S. Department of Agri-
culture is taking the lead on research and
development of additional alternatives.

The control of illegal imports of CFCs
into the United States will require con-
tinued vigilance. Illegal importers have
established a black market for new CFCs
that are claimed as recycled (and there-
fore not subject to an import ban), dis-
guised as other substances, or listed as
intended for export to other countries.
Estimates of CFCs that illegally entered
the United States during 1994 and 1995
range from 10 million to 30 million
pounds.

EPA and the Justice Department will
continue to work with the Customs Ser-
vice, the Internal Revenue Service, the
Commerce Department and the State
Department to crack down on this prob-
lem.

Over 1 million pounds of CFCs that
were illegally imported into the United
States were seized by Customs officials in
1995, and numerous convictions have
resulted from these seizures. Illegal
imports have been significantly curtailed
in 1996.

EPA has also instituted a petition
process, by which importers intending to
bring in used CFCs must submit exten-
sive information to EPA that indicates the
material’s former use and handlers. The
agency must then approve that petition
before the substance can be imported as
a legitimately recycled compound.

CONCLUSIONS

The global response to the ozone cri-
sis stands as a model for policy-science
dialogue, international cooperation, and
regulatory and industrial innovation. As a
world leader in this process, the United
States has demonstrated that flexible,
market-based policies, developed in
cooperation with affected parties, along
with effective enforcement, can help
achieve ambitious environmental goals
without significant economic disruption.
While the job of protecting the ozone
layer is not yet complete, the successful
phaseout of CFCs less than 10 years after
controls were first negotiated remains a
remarkable achievement, a powerful tes-
timony to the effort, ingenuity, and coop-
eration of thousands of dedicated individ-
uals worldwide.
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CHAPTER TWELVE

Climate Change

he effort to understand and respond
to the risks of global climate change
entered a critical period in the mid-1990s.

At the end of 1995, the Intergovern-
mental Panel on Climate Change (IPCC)
released its Second Assessment Report.
Prepared by 2,500 of the world’s leading
experts on climate change, this report pro-
vides an exhaustive review of all aspects of
climate change and its health, environ-
mental, and economic impacts. The
report concludes that “the balance of evi-
dence suggests that human activities are
having a discernible influence on global
climate.”

Efforts to address the risks of climate
change have moved forward under Presi-
dent Clinton’s Climate Change Action
Plan, though reduced Congressional
funding has limited the plan’s effective-
ness. By the end of 1995, over 5,500 busi-
nesses, schools, churches, and state and
local governments were participating in
voluntary programs under the plan aimed
at reducing net emissions of greenhouse
gases. These activities will reduce green-
house gas emissions by millions of metric
tons of carbon equivalent, saving United
States’ industries and consumers billions
of dollars in reduced energy costs.

International efforts to limit green-
house gases have focused on discussions
underway to strengthen the Framework

Convention on Climate Change
(FCCQ). Originally signed at the Rio
Summit in 1992, the convention includes
a “non-binding aim” of stabilization of
greenhouse gas emissions at 1990 levels in
the year 2000. In July 1996, at the Second
Conference of the Parties to the Climate
Convention, the United States
announced its support for a framework
based on “realistic, verifiable, and bind-
ing” medium-term targets that would
include the use of trading to enhance flex-
ibility and reduce costs. The current
round of negotiations under the Climate
Convention is scheduled to conclude in
December 1997.

BACKGROUND

The IPCC's recently completed Sec-
ond Assessment is the scientific communi-
ty’s most exhaustive and thorough review
to date of issues related to climate change.
Key findings from the IPCC report
include the following:

Physical Climate System

e The atmospheric concentrations of
greenhouse gases and aerosols are
increasing because of human activities.
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« Greenhouse gases tend to warm the
atmosphere, and sulfate aerosols cause
regional cooling. Most greenhouse
gases will remain in the atmosphere
for many decades to a century or
more; sulfate aerosols are removed
after several years.

e The Earth’s surface temperature
has increased by about one degree
Fahrenheit over the last century.

e Sea level has increased 4-10 inches
during the last century, and mountain
glaciers are retreating worldwide.

= Models that account for the
observed increases in the atmospheric
concentrations of greenhouse gases
and sulfate aerosols are simulating the
recent history of observed changes in
surface temperature with increasing
realism.

« The balance of evidence suggests a
discernible human influence on the
Earth’s climate, remaining uncertain-
ties notwithstanding.

< Without global climate-specific
policies to mitigate greenhouse gas
emissions, the Earth’s temperature is
projected to increase by roughly 2 to 6
degrees Fahrenheit by 2100, a rate of
warming faster than any determined
for the last 10,000 years.

e These changes in temperature are
projected to be accompanied by an
increase in sea level of 6 to 38 inches
by 2100.

e The atmospheric lifetime of many
greenhouse gases, coupled with the
thermal inertia of the oceans, means
that the warming effect of anthro-

pogenic emissions will be long-lived—
even sharp reductions in greenhouse
gas emissions would reverse warming
only slowly.

Ecological and Socioeconomic
Systems

< Regional and global changes in
temperature, precipitation, soil mois-
ture, and sea level from climate
change add important new stresses on
ecological and socioeconomic systems
that are already affected by pollution,
increasing resource extraction, and
nonsustainable management prac-
tices.

* Most systems are sensitive to both
the rate and magnitude of climate
change.

< Projected changes in climate will
result in adverse effects on human
health (particularly via vector-borne
diseases) and many ecological systems
(especially forests) and socioeconomic
sectors (e.g., the regional production
of food).

< Developing countries would be
particularly vulnerable to these
impacts.

Adaptation and Mitigation

« Stabilization of atmospheric con-
centrations of carbon dioxide at three
times the pre-industrial concentrations
or less will eventually require global
emissions to drop below today’s levels.

< A range of cost-effective technolo-
gies and policies can be used in both
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developed and developing countries to
markedly reduce the emissions of
greenhouse gases from industrial,
energy supply, energy demand, and
land management practices.

e Deep long-term cost-effective
reductions will require an intensive
R&D program in energy, industrial,
and crop technologies.

« Flexible, cost-effective policies rely-
ing on economic incentives and
instruments, as well as internationally
coordinated instruments, can consid-
erably reduce mitigation and adapta-
tion costs.

< Potential adaptation options for
many developing countries are
extremely constrained due to the lim-
ited availability of technological and
economic options.

< International and intergenerational
equity issues are critical for policy for-
mulation.

e There is justification for going
beyond a “no-regrets” action strategy.
“No-regrets” actions are those that
save money or achieve other environ-
mental goals while also reducing
greenhouse gas emissions.

CONDITIONS AND TRENDS
The Climate System

A natural “greenhouse effect” keeps
the Earth about 339 C (nearly 60° F)
warmer than it would otherwise be.
Water vapor, carbon dioxide, and other
gases trap heat as it is radiated from the

Earth’s surface back to space—much as
the glass panels of a greenhouse trap heat
inside. Without this natural greenhouse
effect, life as we know it would not be
possible.

Over the entire history of the planet,
global climate has varied substantially.
During the last ice age, which ended
roughly 17,000 years ago, the Earth was
an average of 99 F cooler, and much of
North America was covered in several
thousand meters of ice. As the Earth
warmed over the next 10,000 years, the
glacial ice melted back and sea levels
rose approximately 3 feet per century,
among other things flooding our conti-
nental shelves and shallow estuaries like
the Chesapeake Bay. As human society
evolved, it adapted to regional climates
and to slow shifts in natural variations.

As a result of global industrialization
and the spread of agriculture over the
past 200 years, human activities have
added to the natural greenhouse effect by
releasing additional greenhouse gases to
the atmosphere. Carbon dioxide (CO»)
from burning fossil fuels is the primary
source of emissions. Since plants and
soils store large amounts of carbon, clear-
ing forests for agriculture and other uses
also contributes a significant share.
Other greenhouse gases include methane
(CHy) and nitrous oxide (N»O), as well
as chlorofluorocarbons and their substi-
tutes (see Chapter 11, “Stratospheric
Ozone,” for a discussion of the impact of
chlorofluorocarbons on stratospheric
ozone). The resulting buildup of green-
house gases in the atmosphere is enhanc-
ing the natural greenhouse effect.
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Emissions Trends

Since the preindustrial era, atmos-
pheric concentrations of carbon dioxide
have increased by nearly 30 percent,
methane concentrations have doubled,
and nitrous oxide concentrations have
risen by 15 percent. Since 1958, carbon
dioxide concentrations have increased by
approximately 12 percent.

Figure 12.1 illustrates recent trends in
U.S. emissions of greenhouse gases,
which include carbon dioxide, methane,
nitrous oxide, and various halogenated
compounds. These contributions were
calculated on the basis of each gas’s
potential to increase the greenhouse
effect—its global warming potential (Box

12.1). Changes in CO, emissions from
fossil fuel consumption had the greatest
impact on total U.S. greenhouse gas
emissions from 1990 to 1994. By 1994,
CO» emissions from fossil fuels were 4
percent above 1990 levels. Emissions
have risen with economic growth and
falling energy prices.

Although the heat-trapping abilities of
methane and nitrous oxide are relatively
high, CO5 has accounted for 65 percent
of the increased radiation caused by
greenhouse gases over the past 100 years.
Carbon dioxide is released primarily from
the combustion of fossil fuels and defor-
estation. According to the Department of
Energy, approximately 85 percent of U.S.
primary energy is produced from the

Figure 12.1 U.S. Emissions of Greenhouse Gases, 1990-1994
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Box 12.1
Global Warming Potential

Since some greenhouse gases trap more heat in the atmosphere than others, measure-
ments of global warming potential have been developed to allow scientists and policy-
makers to compare the ability of greenhouse gases to trap heat in the atmosphere over
time. Although any time period may be selected, the average warming over a 100-year peri-
od is recommended by the IPCC and is used in this report. Carbon dioxide is often used
as a reference gas, and units are often millions of metric tons of carbon equivalent.

Over a 100-year period, methane is 24.5 times as effective as carbon dioxide at trapping
heat in the atmosphere. In 1990, methane emissions were 27.1 million metric tons. How-
ever, their contribution to the greenhouse effect was equal to 181 million metric tons of car-
bon dioxide emissions.

Some human-induced gases that influence the climate system—such as sulfates and
aerosols—actually have a cooling effect. However, aerosols are short-lived and vary region-
ally, and therefore they should not be counted as a simple offset to greenhouse gases. In

addition, their buildup will likely be limited because of their health effects.

combustion of fossil fuels, and this com-
bustion accounts for roughly 88 percent
of annual emissions of all U.S. green-
house gases on a carbon-equivalent basis.
Petroleum supplies just over 38 percent
of national energy needs, and natural gas
and coal supply 25 and 22 percent,
respectively. The amount of CO, pro-
duced in burning varies significantly
across fuels. For example, coal has the
greatest amount of carbon per unit of
energy, followed by petroleum (about 25
percent less) and natural gas (about 45
percent less).

In the United States, it is estimated
that electric utilities account for 36 per-
cent of annual CO» emissions; coal sup-
plies 55 percent of their energy require-
ments. Transportation (32 percent) is the
second largest and fastest growing source
of CO». Nearly two thirds of transporta-
tion emissions are the result of gasoline
consumption. Industry (21 percent) relies

on gas, oil, and coal. The residential (7
percent) and commercial (4 percent) sec-
tors rely mainly on natural gas (Figure
12.2).

Carbon dioxide is absorbed by the
oceans, trees, and soils and is emitted
through natural processes. Forests cover
about 737 million acres of the United
States and absorb and store CO5. Atmos-
pheric concentrations of CO» are thus
affected by changes in agricultural and
forestry practices. From 1990 to 1992,
U.S. forests, soils, and wood products
sequestered approximately 125 million
metric tons of carbon equivalent each
year (see Chapter 17, “Forestry”).

Methane is second only to CO5 as a
source of the enhanced greenhouse
effect. Atmospheric methane concentra-
tions have more than doubled in the last
two centuries. Although methane is
released by many natural processes
(including the decay of organic matter),
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Figure 12.2 U.S. Emissions of Carbon Dioxide from Fossil
Fuel Combustion by Sector and Fuel Type, 1994
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Il Coal

Commercial

Sinks: 1990-1994 (EPA, Washington, DC, 1995).
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Source: U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and

Note: Although not shown, U.S. territories account for slightly less than 1% of total emissions.

the increased atmospheric concentration
is mostly due to human activities. The
largest sources of U.S. methane emissions
are landfills, agriculture, coal mining,
and the production and processing of
petroleum (Figure 12.3).

Nitrous oxide is approximately 320
times more heat absorbent than CO,
although nitrous oxide emissions are
much smaller by volume. Nitrous oxide
is produced naturally from a wide variety
of biological sources in soil and water.
The use of fertilizer represented 45 per-
cent of U.S. emissions in 1994. Manure,
fossil fuel combustion, burning crop
residues, and production of adipic and
nitric acids also generate nitrous oxide
emissions.

Halogenated compounds were first
emitted to the atmosphere early this cen-
tury. This family of engineered com-
pounds includes chlorofluorocarbons
(CFC:s), partially halogenated com-
pounds (HFCs and HCFCs), perfluoro-
carbons (PFCs), and sulfur hexafluoride
(SFg). Industrial processes and consumer
products that employ these substances
include refrigeration and air-condition-
ing, solvent cleaning, and foam produc-
tion. HFCs and PFCs were recently
introduced as alternatives to CFCs,
which are being phased out under the
1987 Montreal Protocol on Substances
That Deplete the Ozone Layer. HFCs,
PFCs, and SFg are all powerful green-
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Figure 12.3 Sources of U.S.
Methane Emissions, 1994
Fossil fuel

consumption (3%)
Coal mining (15%)

Oil & gas

systems /
(12%) /

Waste-
water
(1%)

Agriculture (33%)

Source: U.S. Environmental Protection Agency,
Inventory of U.S. Greenhouse Gas Emissions and
Sinks: 1990-1994 (EPA, Washington, DC, 1995).

house gases whose manufacture and
emissions are expected to rise.

Climate Trends

The surface temperature this century
is as warm as, or warmer than, that of any
other century since at least 1400 A.D.
Global temperatures do, in fact, appear
to be rising. According to the IPCC,
land-based observations as well as data
collected from ships show that the Earth’s
average surface temperature has warmed
0.59 to 1.00 F in the last century.
Although satellite observations provide
only a 16-year series, too short to infer a
trend, these data show the same pattern
over land masses as the surface tempera-
ture measurements. The observed warm-
ing is consistent with what climate mod-
els calculate should have occurred due to
the combined effects of greenhouse
gases, depletion of the stratospheric
ozone layer, and sulfate aerosols.

Temperature trends in the United
States are also generally consistent with
the climate model projections. The west-
ern states have been warming more
rapidly than the global average. In the
eastern states, however, where sulfates
would be expected to have the greatest
cooling effect, temperatures have cooled
slightly in the last 50 years. U.S. night-
time temperatures are rising more rapidly
than daytime temperatures.

Rainfall is tending to be more concen-
trated in heavy downpours, according to a
new study by the National Oceanic and
Atmospheric Administration. At the
beginning of the 20th century, only 8 per-
cent of the nation experienced a storm
each year in which more than 2 inches of
rain fell in a 24-hour period. In recent
decades, such a severe storm occurs each
year over about 12 percent of the nation.

Sea level is rising along the U.S. coast
in all but a few northern areas, where the
Earth’s crust has been rising since the
glaciers retreated at the end of the last ice
age (Figure 12.4). The majority of U.S.
shorelines are eroding, owing to sea level
rise and other factors. In Maryland alone,
for example, 30 miles of natural shoreline
each year are replaced by rock revet-
ments. Sea level has risen about 4-10
inches over the past century; about half
of the rise is believed due to oceanic
warming and half due to melting moun-
tain glaciers.

Unless the world takes steps to reduce
the emissions of carbon dioxide, the
IPCC estimates that concentrations of
atmospheric carbon dioxide will roughly
double by 2100. Model calculations pro-
ject that the average global surface tem-

CHAPTER TWELVE

211



Climate Change

Figure 12.4 Sea Level Trends
Along the U.S. Coast, 1900-1995
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Source: NOAA, Tide Station Data, unpublished, 1996.
Note: Data refer to yearly mean sea level values rela-
tive to tide station datum at each location.

peratures will rise by about 1.89 to 6.3 F
by 2100. Global average temperature
changes of this magnitude would be
greater than recent natural fluctuations
and would occur at a rate significantly
faster than has occurred over the last
10,000 years (Figure 12.5).

Based on these calculations, sea level
is projected to rise by 6 to 38 inches by
2100, continuing the trend of thermal
expansion of the oceans and glacial melt-
ing. Rising global temperatures are gen-
erally expected to increase the rate of
evaporation and to lead to changes in
precipitation and soil moisture. The
maodels also suggest that the frequency of
intense rainfall will increase and there
will be a marked decrease in soil mois-
ture over some mid-latitude continental
regions during the summer. Such
changes could have adverse effects on

agriculture, forests, human health, and
coastal communities.

Although it is unclear whether climate
will become more variable, the frequency
and intensity of some extreme weather
events of critical importance to ecologi-
cal systems (e.g., droughts, floods, frosts,
frequent hot or cold spells, and associated
fire and pest outbreaks) could increase
with a global rise in temperature. Cli-
mate change cannot be unambiguously
related to specific weather events; howev-
er, when they do occur, these events can
be costly. For example, weather-related
disasters since 1992 have resulted in $70
billion in damage and several hundred
deaths from floods, heat waves, hurri-
canes, blizzards, and hailstorms.

The relatively long atmospheric resi-
dence times of many greenhouse gases—
typically decades to centuries—coupled
with the thermal inertia of the oceans,
mean that the warming effect of human-
induced emissions will be long-lived.
Even with a stabilization of atmospheric

Figure 12.5 Alternative Global
Temperature Rise Estimates*
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greenhouse gas concentrations in 2100,
temperatures would continue to increase
for several decades, and sea level would
continue to rise for centuries. Although
much is already known about the green-
house effect and the basic heat-trapping
property of the gases is essentially undis-
puted, substantial reduction in key
uncertainties (detailed quantification of
timing, magnitude, and regional patterns
of change) may require a decade or
more.

DIRECT IMPACTS AND
SOCIAL RESPONSES

The regional and global impacts from
human-induced climate change could
add significant new stresses on ecological
systems that are already affected by pollu-
tion, increasing resource extraction, and
unsustainable management practices.
The most vulnerable systems are those
with the greatest sensitivity and the least
adaptability. To varying degrees, natural
ecosystems, socioeconomic systems, and
human health are sensitive to both the
rate and the magnitude of climate
change. Further, developing countries—
which have historically had the lowest
emissions—are generally more vulnera-
ble to climate change than industrialized
nations because of their geographic,
socioeconomic, and cultural conditions,
according to the IPCC.

Rising global temperatures are expect-
ed to raise sea level and change precipita-
tion and other local climate conditions.
Changing climate could alter crop yields,
water supplies, and the composition of

forest species and threaten human
health, air and water quality, and some
forests and other ecosystems.

Human Health. Throughout the
world, the prevalence of particular dis-
eases and other threats to human health
depends partly on local climate. Insects
and other pests that carry diseases are
often limited by climate. For example,
the parasite that causes malaria cannot
develop at temperatures below 579 to 619
F. Heat itself can threaten human health.
In July 1995, for example, a 5-day heat
wave contributed to the deaths of more
than 400 people in Chicago alone.

The most direct effect of changing cli-
mate on human health is heat stress. Sta-
tistics on mortality and hospital admis-
sions show that death rates increase
during extremely hot days, particularly
among very old and very young people
living in cities. The indirect effects of cli-
mate change, however, could be more
serious. The potential transmission of dis-
eases spread by mosquitoes and other
insects, for example, could increase as
warmer temperatures enable the cold-
blooded insects to survive farther north,
at higher altitudes, or for longer seasons.
Other pest-borne diseases that may
become more severe include malaria,
dengue fever, yellow fever, and
encephalitis. Climate change may also
cause outbreaks of diarrheal diseases,
such as cholera. It could also promote
toxic algal blooms, which are often asso-
ciated with contaminated seafood.

Although climate change could
increase malaria by as many as 50-80 mil-
lion cases a year, according to the IPCC,
existing public health resources would
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make a reemergence of this disease in the
United States very unlikely. Similarly,
heat-related deaths can be reduced by
accurate warning systems, appropriate
emergency response measures (e.g., mov-
ing vulnerable people to air-conditioned
buildings), and behavioral changes on
the part of individuals (e.g., curtailing
physical activities, drinking fluids). Other
impacts of climate change on health
could be minimized through mainte-
nance of strong public health programs
to monitor, quarantine, and treat the
spread of infectious diseases. However,
these measures may be costly to imple-
ment and developing countries may not
have the infrastructure to cope with these
health-related impacts.

The American Public Health Associa-
tion (APHA) recently adopted a resolu-
tion expressing concern about the
human health effects of climate change.
In view of the scale of potential impacts,
the APHA recommended precautionary
primary preventative measures (e.g.,
reductions in greenhouse gases) to avert
climate change.

Water Resources. Precipitation and
evaporation are both likely to increase
worldwide. In those areas where evapora-
tion increases more than precipitation,
soil will become drier, lake levels will
drop, and rivers will carry less water.

Lower river flows and lake levels
could impair navigation and water quali-
ty and reduce the amount of water avail-
able for ecological, agricultural, residen-
tial, and industrial uses, as well as for
hydropower. Some areas may experience
both increased flooding during winter
and spring and lower supplies during

summer. In California’s Central Valley,
for example, melting snow provides
much of the summer water supply;
warmer temperatures would cause the
snow to melt earlier and thus reduce
summer supplies even if rainfall
increased during the spring. More gener-
ally, the tendency for rainfall to be more
concentrated in large storms as tempera-
tures rise would tend to increase river
flooding, without increasing the annual
amount of water available.

Many federal and state agencies are
actively engaged in reducing the nation’s
vulnerability to these types of impacts. In
the western United States, where fresh-
water is scarce, a trend toward allowing
farmers to sell water is enabling scarce
water to be used more efficiently. Along
the Mississippi River and other flood
plains, the Federal Emergency Manage-
ment Agency and others are reviewing
structural and land use measures for
reducing vulnerability to floods. Finally,
both the Corps of Engineers and the
Bureau of Reclamation are developing
better ways to manage the federal system
of reservoirs in the face of changing cli-
mate to meet the competing needs of
navigation, hydropower, water supply,
recreation, and environmental quality.

Coastal Zones. Sea level is rising
more rapidly along some U.S. coasts than
worldwide. A 1995 study by EPA esti-
mates that along the Gulf and Atlantic
coasts, a 1-foot rise in sea level is likely by
2050 and could occur as soon as 2025.
Such a rise would cause most sandy
beaches to erode 100 to 200 feet. In
undeveloped areas, beaches and wetlands
would simply migrate inland. Along
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developed coasts, however, homes are
often less than 100 feet from the water’s
edge. Thus, even a 1-foot rise in sea level
would require many ocean beach resorts
to incur the costs of periodically pump-
ing sand onto their beach or removing
beachfront houses.

Over the longer term, a 1.5- to 3-foot
rise in sea level could inundate up to one
half of U.S. coastal wetlands and 4,000 to
7,000 square miles of dry land, if devel-
oped areas were not adequately protected
with bulkheads or other structures. Most
of these losses would be concentrated in
the southeastern and mid-Atlantic states,
particularly Louisiana and Florida. If
bulkheads are built to protect developed
areas, the loss of dry land will be less, but
the wetlands and beaches would be lost if
the structures are built and block their
landward migration.

To protect the coastal environment
and the public’s right to use the shore,
several states have adopted policies to
ensure that beaches, dunes, or wetlands
are able to migrate inland as sea level
rises. Some states prohibit new houses in
areas likely to be eroded in the next 30 to
60 years. Concerned about the need to
protect property rights, Maine, South
Carolina, and Texas have implemented
some version of “rolling easements,” in
which people are allowed to build, but
only on the condition that they will
remove the structure if and when it is
threatened by an advancing shoreline.

Agriculture. The success or failure of
a harvest has always depended on cli-
mate, with the most important factor
being a sufficiently moist soil during the
growing season. During extended

droughts such as the Dust Bowl of the
1930s, crop failures have been wide-
spread. Some climatologists suggest that
such conditions could become even
more widespread because of the drier
soils that may accompany changing cli-
mate. Increased heat stress, more fre-
guent flooding, and salinization of soils
due to sea level rise could also threaten
agriculture in some areas.

There may also be some offsetting
benefits to agriculture. In colder areas,
warmer temperatures would lengthen the
growing season. Moreover, higher levels
of atmospheric carbon dioxide have a fer-
tilizing effect, which enables plants to
grow more rapidly. Finally, up to a cer-
tain concentration higher carbon dioxide
levels also increase the efficiency with
which plants use water, which may tend
to offset some of the adverse effects of
drier soils.

Recent assessments of the impact of
climate change on agriculture have sug-
gested that the beneficial effects would
offset the adverse impacts, at least in the
United States. A 1995 study by USDA,
for example, concluded that even a 59 to
99 F warming would be unlikely to sig-
nificantly affect total U.S. agricultural
production.

Nevertheless, there may be significant
dislocations. Several studies have suggest-
ed that Appalachian farmers could be
particularly vulnerable. Other, drier areas
could become permanently lost to agri-
culture or require expensive irrigation.

Forests and Terrestrial Ecosystems. A
3.69 F warming could shift the ideal
range for many North American forest
species by about 200 miles to the north. If
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the climate changed slowly enough,
warmer temperatures would enable the
individual species to migrate north into
areas that were previously too cold, at
about the same rate as southern areas
became too hot for the species to survive.
If Earth warms 3.6 F in 100 years, how-
ever, the species would have to migrate 2
miles per year, which is much faster than
most tree species are able to migrate.

Several other impacts associated with
changing climate further complicate the
picture. On the positive side, it is possible
that the fertilization effect of carbon diox-
ide on plants may enable some species to
resist the adverse effects of warmer tem-
peratures or drier soils (as long as nutri-
ents are not limiting). Nevertheless,
increased severity of fires and droughts,
or changes in pest populations, could fur-
ther increase the stress on forests. Man-
aged forests may tend to be less vulnera-
ble than unmanaged forests, because the
managers will be able to shift to tree
species appropriate for the warmer cli-
mate.

The potential impacts of climate
change on wildlife are poorly understood.
If habitats simply shift to higher latitudes
or higher altitudes, many forms of
wildlife could potentially adapt to cli-
mate change, although the complete
ecosystem on which they depend may
not be able to move in tandem. Unlike
previous climatic shifts, roads, develop-
ment, and other modifications to the nat-
ural environment may block the migra-
tion routes. Moreover, the rate of climate
change is predicted to be far faster than
has occurred in the past, further limiting
natural adaptation. For example, nature

reserves, often established to protect par-
ticular species, may no longer be located
in a climate hospitable to that species.

Impact on Other Forms of Pollution.
Changing climate will have ramifications
for efforts to protect the environment
described in other chapters of this report,
particularly air and water pollution
efforts. In those areas where river flows
decline, water could become more pol-
luted because there would be less fresh-
water to dilute existing effluents. Even in
areas where river flows are maintained,
warmer temperatures would tend to
lower the level of dissolved oxygen,
threatening the ability of several southern
states to attain their water quality criteria
standards. Increasing amounts of rainfall
during severe storms would increase the
frequency with which combined munici-
pal wastewater systems are overwhelmed,
necessitating more discharges of raw
sewage; more severe storms would also
increase nonpoint pollution runoff.

Changing climate could also impair
urban air quality. For example, warmer
temperatures enhance the process of
photochemical oxidation and would thus
be likely to increase ozone levels in met-
ropolitan areas.

RECENT POLICY DEVELOP-
MENTS

The Climate Change Action
Plan

In 1992, as part of the Earth Summit
in Rio de Janeiro, the United States
joined with more than 150 other nations
in signing the Framework Convention on
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Climate Change. This landmark treaty
called for cooperation among all nations
in addressing the risks of climate change
and established as a non-binding aim that
developed countries seek to return their
greenhouse gas emissions to 1990 levels
by the year 2000.

On Earth Day in 1993, President
Clinton announced the U.S. program to
meet this goal. The Climate Change
Action Plan included almost 50 largely
voluntary measures aimed at reducing
net greenhouse gas emissions while sav-
ing industry and the public billions of
dollars in reduced energy costs. The plan
relied extensively on innovative public-
private partnerships to encourage devel-
opment and enhanced diffusion of ener-
gy- and cost-saving technologies (Box
12.2). The original goals outlined in the
plan called for reductions in emissions of
over 100 million metric tons of carbon

equivalent (roughly 8 percent below
baseline growth). These reductions
would be achieved at an estimated cumu-
lative savings of $61 billion to the U.S.
economy between 1990 and 2000.

In the two years since the Plan was
announced, considerable progress has
been made in implementing many of the
actions. For example, the Climate Chal-
lenge program has attracted participation
by utilities representing over half of the
Nation’s electricity production. These
companies have agreed to undertake a
wide range of activities aimed at reducing
net greenhouse gas emissions (Box 12.3).

Other actions have facilitated the
increased market diffusion of energy effi-
cient lighting through the Green Lights
programs (Box 12.4) and the use of ener-
gy-saving office computers, printers, and
other office equipment through Energy
Star products (Box 12.5).

Box 12.2
Highlights of the Climate Change Action Plan

The Clinton Administration’s Climate Change Action Plan:

« lIdentifies and promotes the use of energy-efficient products. The plan provides
opportunities for corporate purchasers and consumers to make educated decisions

on energy use.

* Promotes large-scale purchasing of energy-efficient and renewable tech-
nologies. By helping to improve economies of scale and by moving these tech-
nologies into the market, the plan helps prices fall to levels equal to or below those
of alternatives that result in higher greenhouse gas emissions.

« Encourages industry to commercialize more resource-efficient technologies.
The plan demonstrates that these technologies will sell by providing clear “market-
pull” that is organized through mass-purchase initiatives and program coordination.

* Promotes sensible regulatory and legal frameworks. The plan encourages cost-
effective investments in energy efficiency and methane recovery programs.
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Box 12.3
Emissions Reductions by Electric Utilities—Climate Challenge

“In the global warming debate, proactive management, willingness to negotiate and
leadership through voluntary initiatives are our strongest trump cards. . . Through a
series of positive actions, we can become participants in positive progress instead of

negative rule.”

Mark DeMichele, President and CEO, Arizona Public Service

“This voluntary, flexible initiative is the best way to tap the utility industry’s technical
skill and problem solving capabilities, while obviating the need for costly command and

control requirements.”

E. Linn Draper, Jr., Chairman, American Electric Power

Despite the substantial success of
actions under the Plan, it now appears
likely that the U.S. will fall far short of
the original goal of returning net green-
house gas emissions to 1990 levels by the
year 2000. Actions under the Plan have
been scaled back due to significant bud-
get reductions and policy restrictions that
have been imposed by Congress over the
past several years. In addition, stronger-
than-expected economic growth and
lower-than-expected energy prices have
pushed energy use higher, thus requiring
greater reductions than initially called for
in the Plan to achieve stabilization at
1990 levels.

In related activities, the Clinton
Administration has started several initia-
tives that would help to substantially
reduce greenhouse gas emissions over the
period beyond 2000. For example, the
Administration has joined with automo-
bile manufacturers and suppliers in the
United States in a research and devel-
